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PURPOSE

Experimental and theoretical analysis will b2 conducted to determine
the power conversion efficiencies for harmonic generation due to nonlinear
quantum susceptibilities, Analysis of partly resonant two-level schemes
will be conducted, but emphasis will be placed on the investigation of
resonant harmonic generation within gaseous media, where two levels are
in resonance with the harmonic output, and intermediate levels can be
used to reduce pump power requirements for operation with optimum effi-
ciency. Of primary importance in the experimental phase of work is the
development of suitable resonant structures to support the multiple quan-
tum system.
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ABSTRACT

'The difficulty of obtaining a large filling factor with crossed interfer-
ometers at the fundamental and harmonic frequency was discussed in the
last quarterly report. The use of a beam splitter to couple the two fre-
quencies has been proposed. The design and preliminary testing of a
metal strip and a dielectric sheet beam splitter was accomplished in this
quarter. Fabrication of a beam splitter is a difficult task because of the
necessity of preserving the resonator Q with the beam splitter installed.
This problem is discussed,

Several asymmetric gases for use in the totally resonant are still
under investigation. Because of the corrosive and toxic properties of
many of these gases, emphasis has been placed on a search for a gas
with the proper energy levels that can be handled in a conventionsl vacuum
system. A tabulation of gases under consideration, and their toxicity and
handling problems, is given in the body of this report. Methylene chloride,
methylene fluoride, and difluoroethylene appear to have the best handiing
characteristics. A possible scheme for pumping methylene chloride ha.
been found. Further evaluation of the other gases has been started. En-
ergy levels for methylene fluoride, difluoroethylene, formaldehyde, vinyl
cyanide, benzonitrile and nitrosyl chloride are given in Appendix A. A
nickel monel vacuum system was constructed to test the corrosive prop-
erties of these gases.

The experimental effort during the fourth quarter is r.-iewed. Major
emphasis was placed on high power tests for the two-level scheme aad
parallel plate interferometer and beam splitting tests for the totally re-
sonant system. In the area of the two-level system a sapphire window
has been designed and fabricated. This window was successfully operated
at 30 kW in a corrosive atmosphere. Martin Company purchased an in-
verted coaxial tunable magnetron to replace the Microwave Associates'
magnetron. Since methyl fluoride decomposes forming hydrofluoric acid
in the presence of the high power microwave field, the microwave plumb-
ing has been nickel plated. Fluroform gas has also been tried in the two-
level system. This gas is very inert thermally and did not decompose
when the high power microwave energy was applied. The totally resonant
experiments included tests on the gold plated nickel interferometers at
40 GHz and 120 GHz. Beam splitters were designed and tests performed.
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Quantum mechanical calculations were performed to determine the
time dependence of the expectation value of the polarization operator
and are presented in Appendix B.
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CONFERENCES AND PUBLICATIONS

G. W. Bechtold of the Martin Company Physical Sciences Research
Laboratory (Orlando, Florida) conferred with Dr. Harro Andresen, Con-
tract Monitor, at the United States Army Electronics Command, Fort
Monmouth, New Jersey, on 8 February 1966.
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I. INTRODUCTION

Multiple quantum effects have been predicted since the introduction of
quantum mechanics (Reference 1) and have manifested themselves in many {
ways. For example, such phenomena have been associated with Raman
processes (References 2 through 8), molecular beam transitions (Ref-
erences 9 through 17), and optically pumped schemes (References 18
through 26). More recently, riultiple quantum transitions have been ob-
served in the microwave region and the feasibility of frequency conversion
because of nonlinear quantum suscepiibilities has been experimentally
demonstrated (References 27 through 30).

The interesting possibility of producing millimeter and submillimeter
radiation from such schemes has led to the consideration of partly reso-
nant (Reference 31) and resonant (References 32 and 33) techniques. From
an analysis of the power conversion efficiencies of the two methods, the
resonant frequency mixing scheme shows the greater promise for frequency
conversion devices in the millimeter region and requires a more careful
selection of materials. An effective technique must be devised for obtain-
ing a high filling factor,

In this report, the design of thin metallic strip and dielectric sheet
beam splitter is reviewed. The gas handling problem and the experimental
work performed during the quarter are discussed. ‘

[
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II. TECHNICAL DISCUSSION

A. DESIGN OF BEAM SPLITTERS

It was shown in the last quarterly report that the filling factor of crossed
parallel plate interferometers decrease very rapidly aa a function of inter-
secting angle. One technique used to overcome this problem is the use of
a frequency sensitive beam splitter that reflects ons of the frequencies in
the interaction region and transmits the other frequency. The most prom-
ising beam splitters are the polarizing siat grating, grid, interferencc thin R
film, and dielectric sheet types. The need to position a beam sgplitter in '
the resonator with a minimum change in performance is a major problem.
In earlier tests, any perturbation placed between the plates of the resonator
decreased the Q to a very low value. Preliminary attempts to place thin
metallic strips in the resonator were unsuccessful. Metallic strips act
as a waveguide beyond cutoff for one of the resonator frequencies A de-
sign calculation of a beam splitter employing this principle is as follows:

S G,

et L T e

B S e st

where

a1 is the attenuation

\ 18 the operating wavelength

A. is «ne cutloff wavelength
For _{\_ =2, % =11; X\ = 0.35 inch at 35 GHz
c

If we take \. = 0.35 x 2 x 2.54 and length of waveguide (1) equals 2 cm,
then the amplitude attenuation is

_11 x 2
-al X . 6-24.76

e = e
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Power attenuation is e-zal = e-49' 52. To convert to dB we have power

lost {dB) = 10 log x = 10 log e~49-52 = 234 dB. This is the loss for trans-
mission cf the fundamental signal through the waveguide operated beyond
cutoff. For transmission of the third harmonic signal we have \/)\; =

2 x 0.35/3 x 0.35) = 0.66. Attenuation o 0,05 dB per meter is then read
from Figure 5-2-6 of Reference 34.

To determine ike spacing of the strips we have \/\¢ = 2; \¢ = 0.175
and the spacing betwcen strips is 2a = \¢; a = 0.0875 where o is the spac-
ing bexween strips.

To obtain the necessary low transmission loss for the higher frequency
signal it is necessary to have thin strips that have high conductivity and
a high surface finish. There should be a sufficient number of strips and
the strips should be high enough to fill the region occupied by the resonator
field. One possible fabrication technique would be that of using mylar
sheets with gold deposited on the surface. It would then be possible to
surface match the air-dielectric interface. A schematic of this reflector
design is shown in Figure 1.

The dielectric sheet reflector beam gplitter was investigated in more
detail than the metal strip reflector. This beam splitter is the microwave
equivalent of the optical beam splitter used in spectrometers. A dielec-
tric sineet is placed in the field of the resonator at an oblique angle to the
wavefront. A wave impinging on this interface splits into a reflected and
transmiited wave. The relative amplitudes of the two component. is a
function of the angle of incidence, dielectric constant, and thickness of
dielectric material. A sample calculation will be performed to compute
the required thickness for a sheet of mylar to split the beam into two
equal components. The polarization is assumed to be perpendicular and
the effect of dielectric loss is neglected in this case. The following equa-
tions are given in Chapter 12 of Reference 35:

[

2 2 .2
n_ cos 0 -(nb -n_~ sin 90)

0

r =

o4

n_ cos 60 + (nb2 - na2 sin2 90)
where

ro is the amplitude reflection coefficient

n_ is the index of refraction for medium 1

n,_ is the index of refraction for medium 2

6. is the angle of incidence measured from the wave normal.

. —enliuiantn,
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Figure 1. Metal Strip Beam Splitter




If we assume ng = 1 (air) ny, = 1.48 (mylar) 6g = 70° sin 70° = 0.94
cos 70° = 0,342

= 0.542.

x'ab

0.342 + |2.2 - (0.94)
Also, the following relation holds

2 .
4r ap B8in ¢

R 3 p
[1 - rabﬂ + 4 rab2 sin” ¢

where
2, . .
'R'® in the power reflection coefficient

¢ is the electrical thickness of the dielectric sheet

assume §R‘z = 0.5
2

2,
4(0.54
0.5 = —p— ) “4“‘ —g—; gin® ¢ = 0.4275;
zb tar, sin ¢

sin ¢ = 0.655 then ¢ = 40.8 degree.
To determine the dielectric sheet thickness we have

=LX 2 - ' 2 -}2.
d o (nb sin Bi)

40. 1

o 360x1.15 o

d

where
)\0 is the free space wavelength

d = 0.0292 for 40 GHz
d = 0.0097 for 120 GHz.
The calculation will not be repeated for the case of parallel polarization

since reflection is less when the wave is parallel polarized and the angle
of incidence is about 90 degrees. A rough indication of the variation of




‘power reflection coefficient versus angle of incidence is shown in Figure
11.4 of Rcference $5. Since the plot is given for the parameter €/€o = 4
it is not accurate for the case under consideration.

For the case of a lossy dielectric the mathematics are more compli-
cated. The equation for the power reflection coefficient is as follows:

2 _ju-a2%+ 4’ gin® gl 2
sin” (¢ + X)
ab  § A%, 142, 4A2|r 12
ab ab

IR 12 (lossy) = Ir

where

A is the transmission amplitude through a lossy medium,
X is an additional phase shifting term that indicates the dielectric
loss.

For low loss material such as mylar, the effect is to change the reflec-
tion coefficient slightly. A further consideration is the flatness of the
surface to the impinging wavefront. The plates of the interferometer must
be flat to approximately 100 millions of an inch at 120 GHz for the path
lengths to have equal phase. It is also necessary that the dielectric pos-
sess a greater degree of flatness because of its higher dielectric constant.
Since this velocity is proportional to the square root of the dielectric
constant, it is necessary that the flatness be held to approximately 1.5
times that of the interferometer plates.

The single sheet type c” beam splitter that splits the beam into two
equal transmitted and reflected components cannot be used in the double
resonator field because one mode must be transmitted without loss while
the other mode is completely reflected.

Beam splitter designs necessary to obtain maximum reflection of one
signal and maximum transmission of the other signal will now be discussed.
The design of a single dielectric sheet resonator, with the sheet positioned
at an oblique angle to the incident radiation, can be accomplished in two
ways. The sheet could be made of resonant length to the fundamental fre-
quency while reflecting the harmonic frequency. The sheet could also be
made of resonant length to the harmonic frequency while reflecting the
fundamental frequency. The design criteria would obtain 99.9 percent
transmission for the transmitted signal and 99.8 percent reflection for
the reflected signal.




To make the sheet resonant at the fundamental frequency we have

A
2(n2 - sin2 60)%

d-=

2

where the terms have been defined in a previous section for n® = 2.2 (mylar)

8, = 45 degree \ = 0.296

d= 0.296 _
Tx13° 0.114 inch.

To find the amount of power reflected at the harmonic frequency

1

n_ cos 9 -(%2-nzsin29)2

R o a o)
n

1
ab cos © "‘(nz-nzsinze)2
a o b a o

2
n, = 1; cos 45 degrees = 0.707; n- = 2.2

1

_ 0,707 - (2.2 - 0.5)*
= 1
0.707 + (2.2 -~ 0.5)2

Tob = -0,295

0.114 x 360 x (2.2 - 0.5)%

26 )t -
o 1P 5,096

= 550

¢=%-'-§(K2 - gin
)

IRIZ =

2 . 2
4(2.295) sin ¢2 5 - 0.0271.
1 (- 0.295)" + 4 (- 0.295)" sin” ¢

In this case, less than 3 percent of the power of the reflected signal is
reflected. This loss value of the power reflection coefficient results in a
unusable value of Q at the harmonic frequency.

To make the dielectric sheet resonant at the harmonic frequency we
have

_0.114 _
d = =52 0.033 r , = -0.295
p-2:038 % 360 x 1.3

0.296

= 60 degrees
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2 4(0.087) (0.75) .
IR12 . .
R' = 83 +a10.087)0.75) - 0-238 e

This design is feasible if multilayer dielectric sheets are used to increase
the reflectivity. This technique is discussecC in Reference 36. However, j
the fabrication problem is more difficult be rause the sheets must be flat ‘
and the power absorbed from the transmitted signal is increased. The
problem of changing the polarization of the refiected wave due to oblique
incidence would need investigation.

Another technique with less problems than the singie dielectric sheet
is the multiple dielectric sheet reflector at normal incidence. A config-
uration utilizing this type of reflector is shown in Figure 2. The fundu-
mental frequency signal is fed through a horn and lens on cne side of the
dielectric stack, but the harmonic frequency is fed through a horn and lens |
to the other side of the dielectric stack. The electrical thickness of the h
dielectric can be made resonant at either the fundamental frequency or '
the harmonic frequency. The reflection of the nonresonant signal is cal-
culated from the known thickness of the sheet. If the sheets are a quarter
wavelength thick at the harmonic frequency it would require five sheets to
realize 99.5 percent reflectivity. This result is obtained from Reference
36 and is calculated for fused quartz with a dielectric constant of 3.8 and

Fundamental ! .
I Jcmeric
l / q E \
T \ V; '
H

AL

Figure 2. Multiple Dielectric Sheet Reflector




a loss tangent of 0.0004. To calcvlate the transmission loss for the funda-
mental frequency signal we have

n_ -1 {

, r,=—2—=128° 1. 0103
| j 8 h +1 1.48+1

} b
| r_, is calculated for mylar
‘\ ab
\
| 2 .2
| A | '2 4!rabl sin” ¢ _

3 R = =

“‘ o

'} - T +4Irabl sin” ¢
4(0.193)* 0,25

| i Ny g g = 0.039.
| ; ’l- (0.1933'2% +4|rab| sin” ¢

Approximately 4 percent of the incident radiation at the fundamental fre-
quency is reflected. This design will limit the Q of the fundamental fre-
quency signal to a low value. The use of the angle parameter is now being
considered.

On the basis of these calculations the metal strip beamn splitter that
operates as a waveguide beyond cutoff for the fundamental frequency sig-
nal is the most promising. Several dielectric sheet beam splitters have
been tried and a metal strip beam splitter is being fabricated.

B. GAS SELECTION
The study of gases for use in the totally resonant multiple quantum

system was continued in the fourth quarter. Information was accumulated
on the following gases:

1 Nitrosyl chloride 6 Methylene fluoride
2 Methylene chloride 7 Vinyl cyanide
3 Vinylene carbonate 8 Hydrazoic acid
4 Thiony! fluoride 9 Ethylene sulfide .
5 Benzonitrile 10 Diflurosilane ‘\1
!
o ;
— — |
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11 Isothiocyanic acid 13 Difluoroethylene
12 Formaldehyde 14 Nitrosyl fluoride
The following problem areas associated with gases were investigated:

Availability and physical properties of suitable gases

[—

feo

Energy levels

3 Fabrication of a vacuum system to determine corrosive properties.

Following is a list of gases that are commercially available and a brief
description of each:

1 Nitrosyl chloride is available from Air Products, J. T. Baker Com- :

" pany, and Matheson Company. This gas is nonexplosive, but it is ;
very corrosive and very reactive. Nitrosyl chloride decomposes |
upon contact with moisture to hydrochioric acid and nitrous acid '
and creates a very corrosive condition. Nitrosyl chloride is a highly
irritating, toxic gas. Its toxicity has not been thoroughly investigated.
.. effects of nitrosyl chloride would probably fall between those of
chlorine and nitrogen oxides and would result in severe irritation of
the respiratory tract. The recommended materials for construction
are pure nickel, inconel, monel, tantalum, platinum, or glass.

LY

Methylere chloride is available from Fluka Company, Dupont Com-
pany, and Eastman Kodak Company. This gas is nonflammable and
nonex>losive, but people should avoid exposure to high concentrations
of its vapors. The threshold limit value (TVL) is 500 parts (by
volume) of solvent vapor per million parts of air. Most of the com-
monly used construction metals such as steel, cast iron, brass,
copper, tin, lead, and aluminum can be used satisfactorily under
normal conditions of use.

fw

Vinylene carbonate was not available from the vendors contacted.

1

Thionyl fluoride is available from Peninsuiar Chemical Research,
Inc. It is a colorless, odorless gas. It does not attack glass or
steel. No further information is available at this time.

| en

Benzonitrile is avajlable from Fluka Company. It is a flammable
liquid and very toxic. 150 ppm for 30 minutes can be fatal.

11
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Methylene fluoride is available as Freon 32 from Dupont Company.
It has good thermal stability, and conventional construction ma-
terials can be used. Information is not available on the toxicity of
methylene fluoride.

Vinyl cyanide is available from Fluka Company and Eastman Kodak
Company. This gas is poisonous to humans. It forms an explosive
mixture with air (3-17 percent in air), It has a flash point of 32°F

and will polymerize.

Hydrazoic acid has an intolerable pungent odor. It is extremely ex-
plosive and very toxic in high concentrations.

Ethylene sulfide is available from Fluka Company. This gas will
pclymerize under proper conditions. It is irritable to humans and
toxic in proper concentrations.

Difluorosilane is not commercially available.
Iscthiocyanic acid is not commercially available.
Formaldehyde is supplied by several vendors.

Difluoroethylene is available from Matheson Company and Eastman
Kodak Company. It is a colorless, flammable nontoxic gas. Since
1-1 difluoroethylene is a noncorrosive gas any common or commer-
cially available metal may be used in system construction.

Nitrosyl fluoride is availeble from Ozark Mahoning Company. It
reacts with most construtian materiajis except nickel, monel, and
inconel. The toxicity of this ga3 iz unknow:. Regard this gas as
highly toxic until data are availabie. '

The energy levels of the following gases have been determined and are
tabulated in Appendix A of this report:

1

(Y

3

Methylene fluoride © 4 Fermaldehyde
Difluoroethylene | 5 Benzontrile
Vinyl cyanide 6 Niérosyl chloride

Evaluation of the gas energy levels has not been completed to determine
if four equispaced levels exist. The energy levels of methylene chloride
have been studied and the following possible pumping schemes evolved:

12
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26 GHz 34 GHz 31 GHz |

717~ 808 = 817~ Tg8 !

32 GHz 35 GHz 24 GH:z2

818~ %9 " 95 "8

The high J values of these levels indicate the population will not be
large. Also, the energy levels are not equispaced. However, it might be «.
possible to pump the first energy level scheme at about 31 GHz and obtain
third harmonic if the interaction region is maintained at high gas pressure. ‘
It is desirable to use a gas such as methylene chloride because it is rela- '
tively inert. Since the other gases have many more energy levels, more
evaluation is required to determine whether the proper energy levels existc
for the four-level system.

A vacuum system as shown in Figure 3 was fabricated for testing the
corrosive properties of gases. The vacuum system includes a manifold
with pressure gauges, a cold trap, and a dry trap to prevent explosive gas-
eous materials from entering the pump and reacting with the pump oil. All
metal parts are nickel or nickel plated to resist corrosion from the gas.
Bourdon gauges are used to indicate pressure and vacuum. Various gases
will be evaluated in the vacuum system next quarter.

C. SOLID STATE STUDIES

Multiple quantum effects in solids have not been exploited very thoroughly,
although they have been observed in ruby (Reference 37) and in MgO(Mn)
(Reference 38). In ruby, Smith observed second harmonic generation at
19 GHz. In MgO(Mn), Sorokin found additional lines at high input power
because of multiple photon absorption associated with the hyperfine struc-
ture. Solid materials could offer many advantages over gases for use in
harmonic generation and mixing in the millimeter and submillimeter wave-
length regions. This is possible because of the potentially high concentra-
tion of nonlinear elements and ease of handling. To take advantage of this,
a higher filling factor must be obtained by better cavity design. In many
solid materials, ruby for example, there are several operating points
occurring for various values of w, the pumping frequency. These arise
from denominators with such terms as:

1

(03 C Zu)(uzl' u)(uaz-u)

where the w, ., w are resonances of riby.
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Materials with higher zero field splittings and faster spin-lattice re-
' laxation times are under investigation for possible multiple quantum
effects. The only experimental work performed in this quarter was de-
voted to the revision of the microwave bridge to work with the new super-
I conducting magnet. A preliminary run has been successfully made, test-
ing MgO(Mn) up to 53,000 gauss. The multiple quantum effects previously
seen at low fields (10,000 gauss) were observed again, showing that the
l magnet was sufficiently uniform. No new multiple quantum abgorptions
were found, probakly because helium bubbling prevented the use of high
power. Preparations are being made to pump the liquid helium to prevent
I bubbling.
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III. EXPERIMENTAL EFFORT DURING FOURTH QUARTER
Experimental effort during the fourth quarter was concerned with two-
level partly resonant experiments and parallel plate interferometer ex-
periments.

.'»oblems investigated in the partly resonant experiments are as
follows:

Microwave window

{

foo

Use of fluoroform and ammonia gases

|

Initial test on SFD Model 327 magnetron

|

Use of OKI Laddertron for high power source

jon

Test of low pass filter with 40 GHz cutoff frequency to suppress
magnetron third harmonic.

A, TWO-LEVEL PARTLY RESCNANT EXPERIMENTS

During the third quarter of the contract, the cifficulty of maintaining a
microwave window in the waveguide that feeds the magnetron power to the
semiconfocal interferometer was discussed. In reviewing, we must re-
member that methyl fluoride is unstable in a high power fieid and decom-
poses forming hydrogen fluoride. The hydrogen fluoride attacks the win-
dow material and soldered flanges. The window is decomposed, and the
solder forms a hard deposit on the interior of the waveguide.

Tec overcome the problem of the gas reacting with the soldered flanges,
the interior section of the waveguide between the window and the iris was
nickel plated. After several tests with methyl fluoride, visual inspection
indicated nv further deposits on the interior of the waveguide.

Since the purchased microwave window failed and several windows
made from teflon, mica, etc., did not work, it was decided to fabricate

several microwave windows from fused quartz and sapphire. The fused
quartz was ground to a resonant shape and cemented into a metal window

17
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flange. Several tests were run on this window in the interferometer, using
ammonia gas. No deterioration of the window was observed after several
tests. Unfortunately, the window failed mechanically and it was decided to
fabricate a sapphire window. Although the first piece of sapphire was
thicker than specified, the decision was made to mount the sapphire in a
metal flange and test it. The sapphire was cemented in the metal flange
and checked at 35 GHz for insertion loss, The insertion loss was 3 dB.
The high insertion loss could be attributed to the nonuniform thickness of
the sapphire or to the epoxy cement. A thinner sapphire window (approx-
imately 0,008 inch thick) was fabricated and cemented to the metal flange
with a minimum epoxy cement. The insertion loss was less than 1 dB.
Several tests were run with this window installed. In one test, the methyl
fluoride ionized and deposited a brown substance on the sapphire. When
this substance was removed, the sapphire was intact. There was no evi-
dence of the gas reacting with the sapphire surface. Sapphire or alurnina
windows appear to be best suited for high power application in a corrosive
gaseous environment.

In the next series of experiments, fluoroform and ammonia gases were
used. Ammonia has many energy levels between 10 and 40 GHz. Accord-
ing to Smith {Reference 28), it should be possible to pump at a frequency
near a natural transition frequency and generate third harmonic of this
frequency. The efficiency of this mode of operation is not as high as pump-
ing at approximately one third the natural transition frequency. For this
test, magnetron power at approximately 34.8 GHz was applied with the out-
put structure tuned to detect 105 GHz. The results of this test were neg-
ative. An advantage of using ammonia is its stability and the fact that it
did not cause window problems. A disadvantage in the use of ammonia is
its reaction with the brass interferometer plates.

The next experiment was with fluoroform gas, a freon manufactured by
Dupont. This gas is stable up to 1150°C and very inert chemically. Since
it has a natural transition near 100 GHz, the mode of operation is the same
as methyl fluoride. No third harmonic was observed in this experiment.
This gas appears to be very inert when radiated with a high power micro-
wave field and no harmful effects on the microwave window or other plumb-
ing were observed.

There are several problems associated with the Microwave Associates'
Model 206 magnetron that limits its use to multiple quantuin investigations.
It has fixed frequency and fixed pulse width operation. The magnetron
generates high level third harmonic, and the power output is limited to
approximately 20 kW. Also, the frequency spectrum as obsesrved on a
spectrum analyzer is highly distorted and does not approach the ideal
(sin w)/w. For these reasons, Martin Company decided to purchase a
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Model 327 magnetron from SFD Laboratory to be used on multiple quan-
tum and other research projects. This magnetron has a peak power out-
put capability of 180 kW. The pulse width is variable from 0.5 us to 2.0

us and the frequency is variable between approximately 34 GHz and 36 GHz.
Initial tests were performed to verify the tube operation. An output power
of 110 kW was obtained with the tube working into a matched load as shown
in Figure 4. In a further test, the waveguide was terminated in a short
circuit to determine how effectively the circulator protects the tube. The
tube operated satisfactorily in the short circuit condition. For the high
power application (above 30 kW), it is necessary to pressurize the rec-
tangular waveguide with approximately 20 pounds of dry nitrogen. Pressur-
ization was no problem since the magnetron output contains a microwave
window and the cavity window contains the gas. A partly resonant two-
level experiment using this magnetron will be run in the near future.

The next series of experiments was an attempt to use the OKI Ladder-
tron to drive the resonant cavity. The Laddertron has an output of approx-
imately 15 watts at 34.8 GHz and is tunable over a narrow passband. The
power level is low enough to prevent window problems, but enough power
is available to generate third harmonic according to Smith (Reference 28).
Unfortunately, the Laddertron cannot be effectively modulated by the power
supply. It was decided to power modulate the output in a ferrite modulator
to overcome this problem. In this device, the electromagnetic wave is
transmitted through a section of circular cross section ferrite. When a
magnetic field is applied to the ferrite, the polarization of the wave is
changed and no power is coupled to the output waveguide. With no mag-
netic field applied, the field couples through the modulator with very low
loss. It was possible with this device to obtain an insertion loss of less
than 1 dB with no magnetic field applied. Transmigsion with the field
applied was down 15 dB. A two-level partly resonant experiment was run
with the Laddertron and Modulator shown in Figure 5, but no third har-
monic was o_lained. If the cavity and waveguide system can be optimized
at a higher power level it should be possible to obtain third harmonic with
the Laddertron source.

"o To suppress the third harmonic content of the Microwave Associates'
magnetron, the low pass filter shown in Figure 6 was designed. This filter
replaced the filter discussed in the third quarterly report. Further tes*-
ing verified that the cutoff frequency of the original filter was too low.

The revised filter had a higher cutoff frequency with less than 1 dB loss

at the operating frequency of 34.8 GHz, but the third harmonic rejection
was only 13 dB. Filters of this type have a limited upper frequency range.
According to Young, et al (Reference 39), the incoming wave beams to the
output with no tight coupling to the waveguide walls, at millimeter frequen-
cies. This effect limits the obtainable harronic rejection.
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Figure 5. Laddertron Mcdulator Microwave Source
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B. MULTI-LEVEL TOTALLY RESONANT EXPERIMENTS

The totally resonant experiments consisted in construction and testing
of parallel plate interferometers and beam splitters. A vacuum system
(Figure 3) was also fabricated to test corrosive gases, but has not yet been
used. Figure 7 shows the high frequency parallel plate interferometer
operated at 120 GHz. The resonator plates are made by electroforming
nickel to 0.001 inch thickness and by gold plating tne nickel. The inter-
ferometer was tested for Q value and transmission loss before the beam
splitter was installed. The Q value at 120 GHz was 9000 and the trans-
mission loss was 12 dB. Careful alignment of all components was necessary
to obtain satisfactory operation. A beam splitter was then added between
the parallel plates. The gupport housing for the dielectric sheet allows
the angle to be varied in both the vertical and horizontal direction. Various
thicknesses of mylar and mica were tried. A sheet of mica 0.002 inch
thick allowed transmission with the sheet normal to the direction of the
wave front, bu! alignment was very difficult. To obtain an output signal
required difficult adjustment of the support structure. It is suspected
that the mica surface is too uneven to be useful for beam spli‘ting.

Several pieces of mylar were also tried in the beam splitter. Adjust-
ment was easier and it was possible to obtain beam splitting with a 0.002
inch thick piece of mylar at an angle of a few degrees to the wave normal.
Work on the high frequency beam splitter will continue. The supporting
structure will be changed to stretch the dielectric in a radial direction
similar to the interferometer plates.

The low frequency interferometer shown in Figure 8 was assembled and
is being tested. This interferometer has a Q value of 10,000 at a frequency
of 40 GHz with a resonant transmission loss of 13 dB. A beam splitter to

couple energy out of this interferometer was designed and is under con-
struction.

The Q values that were obtained for the interferometers are low. How-
ever, it must be remembered that all of the fabrication techniques are new.
Further experimentation is necessary in the areas of nickel electroforming,
gold plating, and support ring design. It is believed that fabrication im-
provements will be realized in the future. A new gold plating electroform-
ing bath has been added to the plating facilities.
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Figure 7.

120 GHz Parallel Plate Interferometer Test Setup
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IV. CONCLUSICY

A thin metal strip and a dielectric sheet beam splitter have been de-
signed, Fabrication and mechanical mounting of a metal strip beam
splitter is more difficult than a dielectric sheet beam splitter. Therefore,
the experimental effort has been dire ted towar ! the use of the dielectric
sheet design. Demonstrations have proven that :t '3 possible to operate a
high Q interferometer with a beam spli. er in the nteraction region. A
study of asymraetric top g: ser indicate that « ¢ of the more stable gases
should be used for the totally resonant pumping scheme as these gases
present no serious handling problems. The use of methyl fluoride for the
two-level system is }imited because the gas decomposes in the high en-
ergy field. This gas will be re, aced by fluoroform which is more inert
and has approximately the same ‘ransition frequencies and dipole mo-
ments as methyl fluoride.
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V. PROGRAM FOR NEXT QUARTER

Design and construction will continue on the most promising types of
beam splitters. An attempt will be made to select the beam splitter best
suited for operation in the multiple resonant interferometer. The energy
levels of several asymmetric top gases will be studied to determine appre -
priate pumping schemes. The experiments tc determine the corrosive
properties of gases will be completed. The design of saveral microwave
cavities will also be completed. Partly resonant two-level experimenis -
will be run with the new magnetron. In addition to methyl fluoride, several
other symmetric top gases will be tried. Nonlinear quantum effects in
solids will be studied. Tests of ruby, emerald, and MgO (Mn) will be made
to determine suitable sets of transitions.
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V1, KEY PERSONNEL

With Dr. V. E. Derr acting as task leader without charge to the con-
tract, the manpower charges for the fourth quarter are as follows:

G. W. Bechtold 152.0

Engineering Aid 80.0

Presentations 43.0

Model Shop 275.0
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APPENDIX A

RIGID ROTOR ENERGY LEVELS FOR
SEVERAL ASYMMETRIC TOP GASES
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APPENDIX A

This appendix gives the energy levels for several asymmetric top gases. {
The energy levels are computed according to the following equation:

W/h = } (A+C) J (J+1) +} (A-C) E(7)

where

W/h is in Hz
A and C are rotational constants
E(7) is the reduced energy
J is the total angular momentum.
The suffix numbers in these computer runs for the Input Coefficients,

the Rigid Rotor, and the Nu Calculated values indicate the number of
places to move the decimal point to the right.
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- 7 716-5 6 625 -3 9.39317125€ )5 0.3951712%€ 0% 0.
7 Ti6-5 6 643 1 =2.431S1277€ 26 -3,43151277 06 9.
. 7 716=% 6 o 5 ~9.12155640€ 97 -0.12155640€ 07 0.
( 7 72,4 5 2,,« -4 3.,24239786E 6 2.24239186E 26 0.
: 7 Y EPRL 6 633 O -0.58053389E 25 ~0.58052389€ 05 0.
7 126 =% 6 (61 4 =).585133T4E 6 -0.,68513374€ 06 0.
. T 9253 6 416 -5 2.27511250E 26 9.27511253€ 96 2. !
j T Tis-3 6 (34 -1 =0.53691984E IS ~0.53691964E 35 0. ‘
L. T 7a5 -3 6 52 3 _  -0.58381995F J6 -0.68081995E 06 0.
T 735-2 6 06 -6 D.49%94029F )6 0.49494029€ 06 0.
T J3-2 6 §a¢ -2 2.33351032F J6 0.33351092€ 26 0.
} 7 735-2 6 (42 2. -2.13509695F J6 -3.13509695€ 06 0. '
¢ 7T 735 -2 6 (oo 6 . -0.3L914TTIF D6 =2.91914%79E 06 0.
T T34l & fas =) 3.33505213F )6 9.336052a1 36 J6 0.
. 7 7341 - Y7 S =3.13697776€ J6 =2.1349TT76E D6 0.
; 7 734 -1 6 b¢f S -0.71902R34F 236 ~0.91902494E 26 2.
.i 7 IR 6 (/5 - 3.T13R7472E 26 3.7138742€ 06 2.
L PV 5 (33 0 0.41342348E J6 0.41342348E 26 0.
. T oy O 6 e ~2.21365688E J6 -2.213656888 06 2.
| T 9431 5 676 -5 2.T74227684E J6 0.T76227684E 06 3.
- 7 T43 1 6 g3y -1 3.41347237€ J6 0.41347237€ 06 0.
LA P 5 (52 3 -2.213655%2€ 6 ~0.21365582E 26 0.
. 1T 7532 6 ¢og -8 2.11219350F 37 0.11219360¢ 07 0.
; T 7s3 2 5 (a4 -2 0.96350658F )6 7.960578658¢ 16 0.
. T 5y 2 6 (g2 2 2.49189871E 26 0.49189871E 96 2.
7 753 2 5 (6o © -2.29215212€E J6 <J.29215212E 06 0.
- 7 752 3 6 (a5} 5.96292895€ J6 0.96292895E 06 0.
L 7 952 3 6 (g3 ! 0.49189936E )8 2.49183%06¢ 06 0.
1 752 3 6 bof S -2.29215212€ 36 ~2.29215212€ 26 9.
T Jéa b 6 15 ~¢ 2.14978439E 27 1.14978408F 07 0.
1 762 & 6 33 0 0.11973986€ O7 0.11973984E 07 0.
I 7 762 & 5 o5 ¢ 0.57731825€ J6 0.57031825€ J6 0.
1 761 S 6 6 5 2.15262597€ 7 9.15262503€ 07 0.
1 61 5 6 fae ) 2.11976482€ J7 0.119744862€ 97 0.
7 761 © 5 G52 3 0.57331826F J6 0.57031826E 26 2.
l T 97, 8 6 oha-b 0.20628196F 37 3.2062819E 37 0.
7 yZ2T 5  Gap -2 0.19013992€ J7 0.19013902E 97 0.
7 T 6 6  Gya 0.14327823E J7 3.14327823€ 07 0.
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7 pmg i fyeg Py Gug Sewr el SO R pEN ) )

L |

1 Tw i1 Tay 2 Qi 51N RITOK NUI CALCULATED Ny INPUT
L FT b Qoo 7.54871150F D6 2.54B73L50E 04 0.
7 T10 7 (3 as =3 9.19)38126F 27 N.1903A125E 07 0.
LA Y 6 y3 1 3.14327827F 37 2.14327827€ 07 2.
7 730 ! 6 ¢ S J.54873150F )6 J2.6487315)E 04 2.
Y 116 -5 T 707 =7 .6 1044837€ IS 0.61444837E 05 0.
? Tat=4 T 7176 3.13599434F J6 2.13693434E J6 2.
? 1253 T 24 =S 2.10369556F )6 0.10349586F 06 0.
? 735-2 T 720" 2.19723429€ )6 3.19723429E 05 9.
U 734-1 T J09-7 I.3STITINGF 36 0.35797984E 06 2.
T J34-1 1 725 7.19303934E )b 9.19373934€ 06 2.
? T44 © T 735 0.27626257F )6 3,2742425TE 16 2.
4 7431 T 76 -5 2.5736%939 b 9,57065999E J6 0.
7 743 1 T 734-1 2.2T412899F )6 9.27412489E 26 2.
7 T84 2 T The -4 7.82422995€ )6 0.82422995F 35 2
7 7542 T J4y O 3.35275308F J6 3.35275308€ 26 %
7 7523 T 7¢7-1 0.9B4BS656F )6 0.98485666E 06 9.
7 l52 3 T 7453 0.,31991416E J4 7.81991416E 96 e
7 T2 T 743 0 7.35275183F 26 9.35275183F 236 2.
7 Tea & T 7i7-% 0413924483 37 0.13924483€ 37 0.
7 7624 T 73572 310582177 J7 0.10582177€ 07 0
? Tea & T 9532 3.431222I5F 6 0.43122205€ 0% 9.
7 761 5 T Jie -8 J.13546339€ )7 3.13546339€ 137 d.
7 761 5 T 73¢-) 9.105RC949€ 37 3.10%80988E 07 2.
: 7 Tor S T 752 13 0.43122234¢ 16 2.43122204€ 26 .
L 7 T 6 T 7264 3.175511365 37 0.17651136€ 27 0.
7 27, 6 T Jyg O 2.12936357¢ )7 9.12936357€ 27 J2.
7 YRTE) 7 762 & 2.509661585 J6 0.509651549F 2% J.
1 1T 7707 T 707-7 3.192576213% 37 3.19257433€ 27 2.
Y ? 770 1 T 7as-3 9.,17507998¢ )7 0.17607998€ 27 0.
¢ 7 770 7 T 43 0 2.12936355F 97 2.12936355€ 07 9.
] T 7707 LA YA 7.50966158¢ J6 3.5096615%F 06 3.
R a foy-*° T 996 2.13242371F 26 9.13242331F 06 0.
“t a of - LA YY ¥ -3.20180692F )b -0.20180492€ 96 3.
f A 5,'-5‘ T 7s3 2 -3.42980058F )6 -).A2889058E 06 2.
. a fo5 -° LA FYC -2.17596862€ J7 =0.17696342F 07 7.
~ 8 15 -7 T Jer-1 I.17440530F b 1.17660530€ 06 2.
" vig-7 T 252 2.11464203F I5 5. 11464831 1S 7.
i 3 3 -7 T F43 !l =3.45569953€ b ~7.45569953F 06 2.
: . yp -7 T T S ~3.12396734¢ 7 =3.12396734F 07 .
; A g7 - LA PV J.64286739€ IS 2.662R6J39¢ 05 7.
, A g7 -s T 724 O -7.40T19712¢ b -2.4071904 2€ D6 J.
¢ A g7 -h T 262 ¢ -2.11311652¢ J7 =7, 11911 650€ 07 3.
. A ¥a7-s T 7768 J.25757856E 6 2.257STRB4E 6 .
: A 927-5 LA PR -7.389563608E 35 -0.3895636A€ 25 2.
, a ga7-5 LA Y -3.56583319¢ Jb -3.646583M9F 4 .
J - T 7907 =3.166T16RE 37 =0.16067158¢F 37 .
g a 264 LY /5 I.I024T1I4F D6 3.3n24T104F 06 .
; a gn-s T 745 -2 =3.31757593Ek IS =2 31T57593F 75 2.
® A 16 -6 v 753 2 -2.95875325¢ 16 ~3.65875225F 04 2.
i R fap-s LA ST =3.15996369F )7 -0.1%996308F 37 2.
¥ A f3e-? T Tey-1 3.51703791F 28 .517037A1LE 26 2.
b
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Tau 2

74 3
726 "¢

RIGIO RITOR

2.15209741F
-2.11506492€
~3.39904080€E
7.35567187€
=3.1 1680499
-7.89878012F
7.72972898F
9.43319388€
-2.19368294E
~3.11345666E
0.76756512€
7.43331650
-2.19367916¢
-3, 11345624
9.11438530F
9.97891252¢
3.51174819€
-2.27222599€
3.98322634E
3.511 7494 7€
-3.27222556F
3.15135910€
2.121 70560€
9.59917916E
-0.35)70445E
9.15514035E
9.12171748€
0.5991791 7€
-3.33)70445E
3.20846T42F
3.19197337€
7.14525694F
7.66859552F
3.19240475€
3.14525707¢
1.66859552F
3.2611323A8E
9.23147688F
9.16878920€
7.74700834F
7.26091162F
3.23148876E
3.16878920€
3. 74T00R3F
7.8885737S€E
2.1426181 7F
3.10118996€
3.19801443E
3,361 2 25€
2.1911951 7€
2.61478861F
1.27613981€

41

NU CALCULATED

9.35209TA1LE
~0.115046J2E
-9.89904089F
0.35667187€
-0.11680 499
-9,8987801 2E
0.72972A88¢€
9.43319308¢
=0+ 19368204
=3, 11365 664€E
0.7675682€
0.43331 8860
-0.19367N 6€
=9, 11345623€
0.11438530€E
0.97691 252
9.51174849E
-0,27222569€
9.98322634E
0.S1iTOMTE
-2.27222946€
20.1513891€
0,121 70 560
9.5901 71 6€
-0 3507044 5E
0.1551403S¢E
9.12171 T08E
0.59017M 7€
-0.350T0ASSE
0.20846 TARE
0.1919733J€
0.14525 694
7.66859562E
2. 192404 T5E
0.14525 707€
0.66859552€
0.261120)8E
0.23147688E
0.168T78920¢F
0. T&TOOABSE
0.26491 162E
0.231408TAF
0.16878920¢
0.74T70782 4
0.6885737SE
1. 162610 TF
0.10113996E
3.198G1 W 3E
0.38120283F
J. 191198 7€
0.614T6881E
9.27413801¢
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36
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-b
-2
-5
-1
-4
-4

0
-7
-3

1
-6
-2

?
-5
-1

3
-n

RIGID RITOR

V.56626604F
J.2738IM1LE
9.8264929%5¢
J.352679)CF
I.9A779687F
J.31774954F
V.35267535F
0.1 3986305F
J.10579979¢
.42 10201F
3.13301224€
3.10377372¢€
J.43118279¢
J.179865)7F
3.1293%035¢
D.50963940E
J.19286182¢
J.1758%5708¢E
D.12934957¢
J.509A3I86CF
J.24963433F
J.,2188T107¢F
2.15280895¢0F
7.58807440¢E
J.24078352F
3.21554520¢
J.1528895%¢F
2.58807440F

42

NU CALCULATED

5.56626404F
2.27387831F
0.826A2955E
5.3526793 )€
0.9AT 1960 TF
0.81774%4F
7.3575795 5
0.13°86308F
9.10579915¢
0.42118281F
9.13501224F
0s LCSTTIT2E
7.43118279€¢
9. 17656 80.7¢
0.12935005E
0.5096384)€
0.19286182€
9, 17585 T048E
N 12934960F
25096388 )E
0.24963433F
3,2155T1T¢€
9. 15288955
0.588074p 3¢
7. 266 T8352E
0.21554520F
3.15288354F
3. 588074ADE
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§ l DIFLUOROETHYLENE RIGID ROTOR TRANSITION FREQUENC .3
{
! Input Coefficients
} l i
$
l A = 0.11001207€ 0% u = 1.366 !
o= 0.10627909€ NS a "
C = N.53651270F 06 K = -0.932077
I i Tau 1 32 1Ay 2 R{GIO RIIN NU CALCULATED NU INPUT ¢
1 -1 -0 ) 0.15772100E 35 0.15772400¢ 0% 0.
1 1 1 0 N.50819C00E ¢ 0.5081H000E 04 0.
I 2 -2 1 -1 0.26990372¢ 05 0.26990872¢ 05 0.
b -1 1 n 0.26662309¢ 75 n,26462300€ 55 9. ;
? n 1 1 0.36%26100€ 28 0.36626100F 05 C. '
T 2 2 1 -1 O.4RSSTR2TE IS N.4855182TE 25 Q. :
? 0 2 -1 0.15248T00€ 35 9.15245J00€ 05 o. :
- 2 1 ? -2 0.17013627€ )5 0.17013427€ 0% 0.
2 ? 2 1 N.4S5382T4F 96 D.45%3B274E 04 0.
- 3 -3 2 -2 0.V 58482 25 N.3745%482€ 05 0.
{ 1 -1 ? 2 0.15888027€ 35 0.15A8802 TE 05 7. T
- 3 P 2 -1 9.37411850F 35 0.37411560€ 95 0. :
3 -1 2 0 0.48810%38E 25 0.488]11586E 0= ~. :
1 o ? 1 0.4T316309F 25 0.473163C7E 95 c. -
I 3 1 2 -2 I, TATAAST2F 35 0.T3T68ST2E 25 0.
3 1 2 2 0.5TLTTIIAC 35 0.ST1TTLLAE 05 0. :
3 > 2 -1 0.921403%0t 058 0.92140339F 23 2. &
3 3 2 0 0.TOT41413E 23S 2. 70TALAL3E 25 3. b
I 1 -1 3 -2 0.26644626E )8 0.26844A26F 05 9. ]
3 o 3 -3 0.2HATAAASE IS D.268T4A4SF 08 0. i
) 1 3 0 N, 14414648E 25 0. 144145468 05 3.
1 2 L] -1 0.18284053F 0S8 0.18084083F 23 9.
I 1 3 3 -2 n.4%575453 23S J.4857%a%5 3¢ 0S5 n.
4 \ 1 3 > 0.18¢697386C Y& 0.3R469TYI6E 04 0.
. -4 3 \ J.0RVGERDITE D% 7.8R34L50TE 04 0.
I 4 -3 3 -2 0.48121562F 38 0.48121562F 95 0.
. -3 3 2 £.33910923F 24 0.%39309823 24 7.
\ e -2 3 -1 J.5%966141F 35 0.5%988161¢ 29 7.
. s -2 3 3 D.3723I51V4F 29 0.37035134F 25 9.
: l . -1 3 n 7.58754529€ )S 0.58754829F IS 3.
. o ¥ -1 0.1119%202ZF Js 0.1119%202¢ 94 9.
“ n 3 t 9.705829313€ )% 0.70062A33E 0% 9.
< 1 3 -2 5.11261992¢ 94 2.11261992€ 08 0.
l ‘ 1 3 2 2.679914)7F 38 0.AT8914YTE OS 0.
& > 3 -1 2.39323646F )5 N.2QINGARLE IS 0.
. |
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TAy 2

3
n
-1
1
-3
-4

-t
3

-2
-1
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+

-4
2]
-1
3
-4
n
&
-3
1
-2
2
-1

-
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-4
Q
[

-3
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3
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-1

1
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2

-4

-5

-2

-3

-4
0

-5

-1

-2
2

-3
1

-4

ANAIEN RYIrI Niy CALCULATTD Ny INPUT '
0.77374438F 35 0.77374438E 95 0.
D.104801875 6 U.106301675 26 .
5.13473234E )6 1, 136732364F 06 0.
0.93463269€ I5 0.91,43249E 95 2.
0.37649025F 35 N.37499025E 95 n.
0.37505223F 35 0.37505203€ N5 2. '
5.2A32305°F ' § 0.26323050E 05 0.
n.279N9330E 35 0.27009330F 05 .
3.77924330E 35 N.TTR2RA330E 3% J. ’
0.13329975€ 9§ 0.13329975€ 05 0.
0.43552345¢ 25 0.835522645€ 0S 9.
5.197740928 35 9.19724092E 95 2.
8.49103365E 35 0.59103365E 05 .
0.30552234E 34 0.30562234E 06 0.
0.58812532F 235 0.58812692E 05 O
-0.50156610€ 34 -0.5015 6108 D¢ 2.
-9.,27795977F 15 -2.27795977E 05 0. ;
0.58812496E 95 0.59812499E 05 %, :
-D.56858551F Y4 ~0.5685856 1€ 74 n,
0.595481)7€ 55 0.6954R407E 05 0.
7.292088)1E 35 0.29208803E 95 0.
N.59532R8AE 35 0.69532888E 05 N, I
1,23¢85746F 35 0.234A5J46E O° n,
7.1464462RE I6 0164464528 06 0.
n.80518025E 15 0.80618025€ 05 0.
0.57837710¢ 35 0.57837J10€ 05 0. I
7.14451005€ 26 ND.14651005E 06 0.
n.80711696E 25 0.8001L696E 05 0.
0.13274054F 736 0.13274056E 06 0. ,
0.926012345 25 0.92401234E 05 0.
9.13423525¢ )4 0.13423525¢ b 0.
U.88LAR11CE 25 0.8R188d410F 05 0.
7.183753945F s 0.1B3759%5E 06 0. I
0.11993120¢ 26 U.11993120F 06 n.
0.97150834E 05 0.,9715038+€ 05 0. ‘
N.19230548F 26 0.1923054RE 06 C.
9.12780713E 26 2.12780 71 3E 06 0.
0.15T10081€ 06 0.15T10081E 06 0.
0.116 76150 26 0.116761H0E 06 0.
0.48226634F 05 044B224534€ 05 0.
0.48225530F 05 0.48225500€ 05 a2,
0.37¢0R187E 95 9.37408187F 05 0. I
0.37472918E 25 0.374T2918E 75 0,
0.11141737¢ 06 0.111417PTE 08 0.
9,25719513F 35 0.25719613€ 05 0.
N.11292786E 06 0.11262%36F 06 0.
C.272964177¢ 25 0.272944 TTE 05 0.
0.76721360E 25 0.76721360E 05 0.
0.12018997F 35 0.12018997E 0S5 a. ‘
0.,85268349€ 05 0.85268349€ 05 c.
0.223 7591 8E 25 0.22075918E 05 9.
0.13577733€ 06 0.13577733€ 06 0. I
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RIGID ROTOR

0.5007978 1€
J.22843499E
1.69502618F
~0.16131068F
-0.55444242€
0.59502615¢
-0,16194937¢
-0.63990458E
0.80228175E
0.1 7035748E
-2.73245200¢
N0.80227357¢E
0155 24993€
D.17663413E
0.910004%1€
0.51687268¢
0.175638%1E
0.90940861E
De%3145431E
0.16565873¢
0.10246630¢
0.78106030C
0.16584T0O8E
0.1N1146472E
0.23883452¢
0.15320083E
0.11388766F
0.241TO161E
0.15500405¢
0.10820862€
0.20400172€
0.14080929¢
Le116464902E
0.215C6560E
0.15116324E
0.265T70506E
0.18007138E
0.14075820€
0.58950198¢€
0.58950238E
9.48181271€
9.48185601E
0.14438N75¢€
0.37244950F
0.14656996F
0.374384517E
0.11038166F
0.24761932€E
N.11324R879E
D27818242E
0.18272374¢
0.75587942€E

45

NU CALCULATED

0.5007978 1€
0.22843499€
0.6950241 8F
-0.1613L0H9E
~0 s 5564424 2E
0.69502615€E
-0. 1619693 7€
-0 6399036 8€
0.802284 T9E
0.17035748€
-0.732452D0E
0.8022735 TE
0.15524993€
0.1766341 3F
0.910004¢1E
0.516872%8F
0.17663841€
0,909403¢ 1€
0.43345431E
0.16565873E
0.10245630E
0.78104030E
0.16584 08¢
0.10116672¢
0.23B83452€
0.15320083€
0.11388%66E
0.24170161E
0.15600405€
0.10820862€
0.2040017 2€
0,14080929E
0.11644902€
0.21586%50€
0.15116324€
0.26570506E
0.18007138€
0.14075820E
0.58950198€
0.58950,238€
0.48181271¢
0.48185601E
0.14438075€
0.37244950E
0.14456P6E
0.376438457E
0.11038146E
0.,24761932F
011324879
0.27818242E
0.18272374E
0.75587942€
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RIGIN RITIR

0.10524751F
0.1945884 8¢

2.37456974F

N0.25256587F
2.13725221¢
N.51532479¢
0,16139608F
0.8019275¢CF
-N.26938759F

~0.B9139147€ !

-0,1160097NE
0.8N192750F
-N,269430469F
-0.92006240%
C.90916R24E
0.54862T37E
-2.,32856T19¢
0.90916786E
0.52970583F
-0,44T21460F
N.20878256E
n,101651)5k
N.39450665€E
0.12580L17E
0.2087R280E
0.10164700E
2.36583R08F
0.19794164E
0.11251109¢
0,741 68094F
N.19795722¢
D.11233750F
D.62318976F
0.29385066F
0.18671915%
0.12451R76E
0.97648210F
0.294314009F
0.18717829E
0.12211509¢
D.25878699~
0.1733%5644F
0.,13501345E
0.26359806F
0.17797834F
0.12795982F
0.33145868F
0.22%32717F
2.16212678F
0.13525623t
0.34706701F
N.23993121€
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0.10524751E
0. 1945885 RE
0.87456876E
0.2525658 7€
N.13725321€
0.516324T9¢
0.16139608F
0.80192750€
-0.26934759E
-0.R91394 7€
-0.116079JCE
0.80192,750E
-042694N049F
-0.92006240F
0.90916A24E
0.54R62T3TE
~0.328565719€
0.90916786E
C.52970583€
-0.44TZ1AG0E
0.20878256€
0.10165105€
0.39453465E
0.12580,81 7€
0.20878280E
0.10164700E
0.36583808€
0. 1979416 4E
011251 09E
0.741685H94E
£.1979522¢
0.11233750E
0.62318876€
02938505 6F
0.186719,15€
0.12451876E
0.97648210€
04294314D9E
0.18717829€
0.12211509€
0.258TRAPIE
0.17335644E
0. 135C1 3f5€
0.26359806E
0.17797834E
0.1279598 2€
N.3314585PC
0.2243271TE
0.16212678€
0.13525623E
0.34706%01E
0.23993 42 1E
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Cad Ace 2teg k) o
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Tay 2

3
-4
(4]
4
-6
-7
-4
-5
-6
-2
-7
-3
-4
n
-5
-1
-6
-2
2
-7
-3
1
-4
0
4
-5
-1
3
-6
-2
2
6
-7
-3
1
5
-6
-2
2
6
-5
-1
3
7
-4
0
4
-1
-3
1
5
-6

RIGID ROTOR

N.17486802E
0.28320%60€
0.,20377305¢
0.16543006F
0.,69674271C
0.69674273F
0.58915538¢
0.58915777E
2.1 76699%08¢E
0.48109036E
0.17571471E
C.48124898E
0.,14398363E
0.36943195¢
0.144447)6F
0.37¢22250¢
0.23754444E
D.10895439¢
0.23423102¢
0.24235555¢
0.11376574F
0.,28697646E
0.18159166E
0.74551220E
0.39103785E
0.19719999€
0.901 75178
0.29329826€E
0.26796105€
0.139371)30€
0.538397]1 7€
0.,10867893F
0.9088291 2E
-0.,377T06899¢E
-0.12277499¢
-0.16038302F
0.90882912¢
-0.37707136€
-2.12323842€
~0.17599135¢
0.10160642E
~0.54183871E
~0.66263739¢
~0.96680354¢E
0.10160642E
-0.54340129¢€
-0.71)74854€E
0.24092450F
0.1123346569E
0.27266599¢
-0.103641426E
0.24092452E
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NU CALCULATED

0.17486RD2EF
0.28920360F
0.2037730SE
0.16543QD6E
0.696742T1E
0.69674273E
0.58915%538€
0.58915777€
0.17669908E
0.48109036E
0.17671471E
0.48124898€
0.14398363€
0.36943195E
0.16644T06E
0437422250€E
0.237564p4F
0.10895439F
0.23623102E
0.264235555€
0. 1137657 4E
02869754 6E
0.1815966€
0.74551220€
0.89103785¢
0.197i9999E
0.901 751 THE
0.29329826E
026796105
0.13937}00€
0.53839717€
0.10867893€
0.90882p12€
<04 37706399E
~0,12277499€
-0.16038302€
0.90882912E
-0.37707%136E
-0.123238$2E
-0, 17599 35€
0410160642
-0.564183871E
-0.6626%39E
=0+96680854E
0.10160642E
~0.54340129E
~0. T10T4B54E
0. 24092480E
0.11233459€
0427266899
=04 10341426E
0.24092482E
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Tau
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2
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3
7
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-3

1
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-2
2
&
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-7
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UGIH RITIR

0.11233447¢
0.26803180F
«0.2594974 7€
0,23711365F
0.,12308844E
7.62243487E
0.31826872F
N.,23011457¢C
0,12307424¢
0.57433376¢E
0.34778708¢
0.21919227¢
0.13612418E
0.96516152€
N.34782849¢E
N.21923R64E
C.13370716¢C
0.809564229¢
0,31458119¢
1,20755638¢€
Uelab71103E
0.116294%1F
0.31556R36F
2.20852R851¢
2.14288757¢
0.40596521F
7.27837540F
D.1933CT31E
2.15569929E
0.41432932¢
0.28573927¢
0.20020739E
Nel146745506€
0.35191529¢
De2464890677
0.1R604512E
0.15362850F
0.37159050F
0.26655N07E
0.19890922¢
0.44196H84E
0.31337932¢
9.22831091E
0.19270291¢€
0.80397745¢
ND.B039TTA5E
J.696438)0TE
N.696438]8F
0.20890501F
0.58863409F
0.20890604E
0.,58864443E
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NG CALCULATED

0.11233447E 04
0.268031B0E 05
-0.2594974 7€ 05
0.23011365E 96
0.123088B4E 06
0.6226348TE 05
0,31826872F 05
0.23011467€ 96
0.12307424E 0h
0.57433396€ 05
0.34TT8208E 06
0.7191922 7€ 06
0.134124dBE 0%
0.9651652E 05
0.34T82849E 26
0.21923864E 06
0.13370745E 96
0.90954229€ 05
0.31458L19E 06
0.2075563RE 06
0.1467LW03E 06
0.11629441E 06
0.31556895€ 06
0.20852851€ 06
D.142887p7€ 06
0.40696521E 06
0.2783T540E 06
N.19330731E 06
0.15569929€ 06
N.%1432932E 06
0.28573927¢ 06
0.20020799€ 06
0.14745506F 06
0.35191529€ 06
0.24489047€ 26
0.1R4045) 2F 06
0.15362850F 06
0.37159050F 06
0.2645500TE N5
0.19897922€ 06
0.44196984E 06
0.31337902E 06
0.22831093E 06
0.19070291E 06
0.80397,785€ 05
0.80397,785€ 05
0.6964380 7€ 05
0.69663818F 05
0.20R97501E 0k
0.58R63409E 05
0.20890404C 06
0.58864443F 08
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TAY ?

-5
-1
-6
-2
-7
-3
1
-8
-4
0
-5
-1
3
-5
-2
2
-1
-3
1
5
-8
-6
0
4
-5
-1
3
7

RIGID RITNR

0.,17650138E
0.¢7993135¢
0.1 7654779€
0.4804056A€
0.29337255€
J2.14333035F
0.36426972F
0.29436031€
0.14431872F
0.37461140€
7.235686452E
0.10717627E
0.21T721995E
0.24304862E
N.11454140€
0.30073858F
0.33)70664E
0.18066504€
0.73761063F
0.72502339€
0.35)38186¢
0.20034027€
0.93482H94E
0.34299559€
0.27068R14E
0.14217989€
0.56725615¢
0.70606136€
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NU CALCULATED

0.17650138E
0.4799%35E
017654319
0.48040563€E
0.2933725SF
0.14333095€
0.36426972€
0.29436031E
0. 1443187 2¢
037461 40E
042356845 2€
0.10717627€
0.21721,995€
0.243048p2€
9. 11656 140F
0.30073858€
0.33070654E
04 18066504E
0.73761063€
0.72602339¢
0.35038186F
0.20034Q2 7€
0.93482594E
0.34299559€
0.270688) 4€
0.14217989€
0.5672561 5€
0.70406136E

s J&:—-. e
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VINYL CYANIDE RIGID ROTOR TRANSITION FREQUENCIES
Input Coefficients '
u = 3.89
& = 0,49076200F 05 u = 3.68 = -0.979477 !
B = 0.49713303E 06 a
C « 0,45140500€ 04 W, = 1.25
)1 1A 1 )2 Tau 2 RIGIN RITOR NU CALCULATED NU INPUT [
p 1 -\ -0 0 0.94853800E 24 0.94853R00F N4 0.
] n -1 0 0.53590250C 0% 0.53590250€ 05 0. I
3 1 | | -1 0.44562150€ 95 0.44562150E€ NS 0.
5 1 1 1 0 0.4572R002F 313 0.45720002F 013 5.
i > -2 1 -1 N.189467223F 95 0.18967223E 05 0.
: 2 -2 1 0 -0.2513TA4TF 25 -0,25137647E 05 0. :
: 2 -1 1 -1 7.54261835CE 25 0.62618350€ 05 0.
3 ? -1 1 0 0.18513480c 0§ 0.18513480€ 05 0.
; 2 0 1 | 0.19628040€ 95 0.19428040F 05 0.
§ > 1 1 1 0.151 74265 06 0,15174265€ 06 0. [
? ? 1 -1 0.19630834E 06 0.19630834F 06 0.
) 2 1 0 D.15220347€ 26 0.15220347E 06 0.
2 n 2 -2 0,45222967E 23§ 0.45022967€ 05 0.
2 n 2 -1 N0.13718401€ 24 0.13718401€ 04 0. u
2 1 2 -2 0.1773375RF Q6 0.17733758€ 06 Oe
2 1 2 -1 D.13368645€ 26 D.13368645€ 06 N.
2 2 ? 0 3.13231815¢ 26 D.13231815€ 0A 2.
’ 2 2 1 0.35374063F 31 0.35374063€ 01 0. l
g -3 2 -2 0.28441992F )5 0.28441992¢ 05 0.
3 -3 2 -1 -0.,15209135E )5 -0.15209135F nS 0.
; 3 -3 2 ? -0.14889912¢ 26 -0.14889912¢ 05 0.
3 3 -2 » -2 0.71419146E 25 0.71419146E 05 0. I
, 3 -2 2 -1 N.27THB02CE D5 0.2776R020€ 05 C.
; : -2 2 2 -0,10592197F 36 -0.10592197¢ D6 0.
" 3 -1 ? 0 0.291 39843 J§ 0.29139843E 05 0.
' 1 -1 2 1 <0.1031T74T7F 26 -0.1C317477€ 06 0. I
3 n ? 0 0.16077075¢€ 06 0.16077075F 06 0.
3 " 2 1 0.2845614NE 35 0.28456140F 05 0.
3 1 2 -2 0.20581140FE 06 0.20581160€ 0% 0.
1 1 2 -1 0.16216029F 26 0.16216028E 06 0. I
) 1 2 2 0.28470288E 25 0.28470288E 05 0.
N 3 2 2 -2 D.62746366E 26 0.42745346F 04 0.
; 3 2 2 -1 0.38381234€ 06 0.3838123645 06 0.
4 2 2 2 2 0.25012235F 06 0.25012235¢ 06 0. I
: 3 3 2 r 0.38244052E 0A 0.38244052F 06 0.
3 3 3 ? 1 0.25012591E 26 0.25012591E 06 0.
50




J 1 ray 1\ J 2 TAy 2 RIGID RITAOR NU CALCULATED NU INPUT

3 -1 3 -3 0.4572081 8¢ 295 0.45729818E 05 0. i
3 -1 3 -2 0.276436630E 4 0.276436630F 04 0. i
3 0 3 -3 0.,17735172€ 06 0.17735172€ 06 0.

3 0 3 -2 0.1363745TE 76 0.134376457¢ 06 0. '
) 1 3 -1 0.131 64859F 06 0.13164859€ 06 0. {
3 1 3 0 0.17685620€ 32 0.17685620€ 02 0. !
3 2 3 -1 0.35330066€ 26 0.35337066E 06 0.

3 2 3 0 0.22166975SE 06 0.22166975¢€ 06 0.

3 3 3 -3 0.39902149€ 06 0.39502149€ 06 0.

3 3 3 -2 0.35506434E J6 0.35604434E 06 0. ;
3 3 3 1 0.22165208E 26 0.27165208¢ 26 0. j
3 3 3 2 0.17103452F =01 0.17103452€-01 0. !
4 -4 3 -3 0.37906161E 35 0.37906161€ 05 0. ;
4 -4 3 -2 -0.50709937€ 24 «0.50709937E 04 0. :
e -4 3 1 -0.13946325€ J6 ~0.13946325€ 06 0. ;
4 -4 3 2 -0.36111531E J6 -0.36111531€ 06 0.

4 -3 3 -3 0.79997N94E IS 0.79997094F 05 0.

4 -3 3 -2 0.37019939€ 35 0.37019939€ 05 0.

4 -3 3 1 ~0.,97372317E 25 -0.9737231 7€ 05 0.

4 -3 3 2 -0.31902438E 06 -0.31902438€ 06 0.

4 -2 3 -1 0.38848956€E 05 0.38R48956E 05 0.

4 -2 3 e -0.92781951€ 05 -0.,92781951E 05 0.

4 -7 3 3 -0.31645171€ J6 -0.31645171€ 06 0. .
4 -1 3 -1 0.16956968F 76 0.16956968E 06 0.

4 -1 3 o 0.379387T1E 05 0.37938771E 05 0.

4 -1 3 3 -0.18373099C 06 -0.18373099€ 06 0.

4 0 3 -3 0.21534354E 96 0.21534354E 06 Geo

4 0 3 -2 0.17236639€ 06 0.,17236639E 06 7

4 n 3 1 0.37976132¢ 235 0.37974132¢ 0% 0.

4 0 3 2 -0.18367793€ 236 ~0.18367793E 06 0. ‘
4 1 3 -3 0.43397022€ 26 0.43697002€ 06 0.

4 1 3 -2 0.35399287F 06 0.39399287E 06 0.

4 1 3 1 0.25960061E 26 0.25960061E 06 0.

4 i 3 2 0.)7968566E 35 0.3794AS46E 0S5 0.

4 2 3 -1 0.391 24932€ 06 0.39124932€ %6 0.

A 2 3 ¢ 0.25961842E 26 0.25961842F 06 0.

4 ? 3 3 0.,37348649F IS5 0,317948649€ 0S 0.

4 3 3 -1 0.701S7730F 06 0.70157730E 06 0.

4 3 3 o] 0.56994639E 06 0.56994639€ 06 0.

4 3 3 3 0.34827663€ J6 0.34827653E 06 0.

nH 4 3 -3 0.764729R812¢€ 6 ~“.T4T29412€ 06 0.

4 4 3 -2 0,70432N96€ Y6 0.70432096€ 06 0.

A . 3 1 0.56992870€ 06 0.56992870€ 06 e

4 o 3 2 0.34827664F 26 0.34827664E 06 0.

o -2 . -6 0.46563613€ 05 0.46663613F 0% 0.

4 -2 4 -3 0.45726R05F 24 0.45726805€ 04 0.

4 -1 4 -4 0.1L7738434E 26 0.17738434E 08 0.

4 -1 & -3 0.13529340€ 26 0.13%529340E 06 0.

o 0 6 -2 0.13277377€ 236 0.13077377€ 06 9.

4 0 . -1 0.53046R33E 22 0.53046833E 02 0.

4 1 4 -2 0.35240025€ )6 0.352640025€ 06 0.

4 1 . -1 0.221679%2€ J6 0.2216T952E 06 0.
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1ay 2

-4
-3
0
1
-4
-3
¢
1
-?
-1
?
3
-4
-3
e
1
&
-4
-3
n
1
4
-2
-1
?
3
-2
-1
2
3
-4
-3
0
1
4
-4
-1
o

QIGIN ROTUR

N.3990619A4E J6
0.35597305E s
0.2?2162A60F J6
C.11972008E-20
N.70939196E A
2.4A7 30102 26
0.53195457¢ D6
0.31032410¢E J4
J.662T2R34E J6
n.53200752¢8 26
0.3123273RE Do
C.5R606227€-I4
D.4735621 7€ 25
N.,52652R48E Os
-0.1300811 7F J6
~0.351T0764E 26
-0.66203574E 06
0.88359336E IS
0,462684604F 25
~0.,89078066F D5
-0.31070452F J6
-0.52103262€ J6
0.48554445% 35
-0.32166277E IS5
~0«30384532¢€ 2J6
-0.61417390F 2J6
0.17313977F 26
D.47419043F IS
-2.1T7626960€ D6
~D.¢B458R58E J6
0.22692711F J6
0.182R361 RF I
C.eTeBAT27E IS5
-0.1741367T5F 06
=D .4R446485E Ib
J.06650274F D6
D.00441191E J6
0.26906536F D6
0.474304992€ 35
-N.262%8921€ J6
0.39983961F€ J6
0.26911988¢ 06
0.674392425 35
-0.262088873F D6
0.71J16311€ 26
N.57944238E 20
0.357T6274E 26
0.0 T434752F 28
J.756826T2€ J6
D.TL4TISTIF D6
0.57938934F )4
7.35776286E 06

52

NU CALCULATFD

0.399N6398F 06
0.35697305F 06
0.22142667F 05
0.1197200RE-D0
D.T70939196E 05
7.667303102€ N6
N.53195457€ 06
N.31032810¢ 06
0.56272934E 06
0.93200762% 06
0.31032798F 05
0.6R606227F-04
C.47356217F 0S5
0.52652848E 04
-0.13008117€E 06
~0,35177764F D6
~0.66203574F b
0.88359336F 15
C.4626RGD4E NS
~0.890730e5¢F 0S5
=0.310706%2€ 04
-0.62103262¢ 06
0.48556445€ 0%
~0.A21662TTF 25
-0.30386592F 05
-0.61417390F 06
0.17813977€ 0A
0.476419043 15
-0.17626060€ 06
-0.48458858F 06
0.224921711F D6
0.1828361A8E 06
N.e7489727€ NS
~C.17413675¢ 06
-0.4R4456485E 06
0.44650274F 06
0.40641181F 96
0.26906536E 06
D.4T&3RARZ2E 05
-0,26288921Et 06
N.39983961E 06
C.?691!884E 06
0.67619242F 05
-0.26288873E Oa
0.71016311€ 0o
0.57944238F 06
CeISTTH274F D6
0.47434762¢ NS
0.756K26772€ 06
0.71473579E 06
0.57939934€ 06
0.35776284F 06
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RIGID ROTUR

0.47634753¢ IS
0.115%8210F 37
0.11137301F 37
0.978381362€ 05
D.7567571L5F D06
0,64642905F ¢
0.11)91574F 07
0.,978463667F 26
0.75675103€ J6
0.,64542905€ J6
0.47861840€ 05
0.,58587215€E Jé
Y.17744T716€ Jb
0.13644404F 06
0.12970905¢ 26
0.12373029€ 53
0.351 2846RE )6
0.,22169936E J6
N.39914700E J6
0.35814388E J6
0.22157611E J6
0.47884920E-30
0.7094705CF 06
0.66846738¢ )6
0.53189961F )6
0.31)32398E J6
0.66160966F )6
0.53202334F 06
0.31232350€E 06
C.51744156E-23
0.10606030€ 37
0.93101763E J6
0.TO093LTI9E J6
0.39899429E )6
0.110840648E 07
2.10674617€ J7
0.93089390F J6
0.70931827E J6
0.39899429E J6
2.240877954£-08
0.56788702¢ 35
0.15785583E 0%
-0.12078219¢ ¢
-0.34235732¢€ 06
-0.65268180% 06
-0.10516701€ 37
J.96515733E I35
0.55512614E IS
-0.81053158E 25
-0,30263079E 06
-0.61295477€ 06
~0.10119491€ J7
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NU CALCULATED

0.47434763F 05
0.11558210€ 07
0.11137301€ 07
0.97838362E 06
0.75675715€ N6
0.44642905¢ 06
0.11091574E 07
0.97843667€ 06
0.75675703€E J6
0.44642905€ 06
0.47861843€ 05
0.68587215E 04
2.17744716E 06
0+ 13644404E 06
0.12970905¢€ 06
0.12373029¢ 03
0.3512R464€ 06
0.22169936€ 06
0.3991647C0€ 06
0.35814388E 06
0.22157611E 06
0,47884920€-00
0.70947050€ 06
0.66B46738E 06
0.53189961€ 06
0.31032398E 06
0.66160866E 06
0.53202334E 06
0.31032350€ 06
0.61744156F-0)
0.10606030€ 07
0.93101763E 96
0.70931779€ 06
0.39899429¢ 06
0.11084848¢ 07
0.106T4817E O7
0.93089390E 06
0.70331827€ 06
0.I9RI9429E 06
0.24877954E-00
0.56788702¢ 08
0.15745583¢€ 05
-0.12078219¢ 06
“0.34235702€ C6
-0,6%2681080€ 06
-0.10516761F 07
0.96515733 23
0.955120 %8 0%
~0.810351SRE 05
-0.30263079€ 0&
-0.8129547T7€ 06
-0.10119491€ OF
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0.58255136¢
~J.7132998%:
=0.29302982€
~N.80335111%¢
~0.17023474F
M. 1R648159¢F
D.56896165E
'O.lbbﬂO‘NﬁE
“N.4T1812698E
~0.97+12127¢
2.23459N23F
0.19358771¢€
0.57019918F
“0.166555T0¢
“Y.47437848¢F
=0.8T3RTVIGE
J.45507T71RE
2.41507444F
0.27850489¢C
N.56931287¢
-0,25339272¢
~5.5523R7101¢
JL.ANB21T738F
DJ21343205¢F
2.56932214¢
-0.25339129¢
-0.4523855A0¢
N.71853297¢
7.5R3 4 T4 4&F
NIKT24TH0F
Ne559263)4E
~0.346208999F
J.76639681F
S3.17253Q140F
N.5A0421391¢
2.3672640293¢
C.5h926306F
=2.3420699RF
J.118%3859F
F.11243528¢F
D,IATALISO2E
D.7642W919¢
D.4559158 1F
D.56821121¢
2.111 7828 1F
N.9871938758¢
N THH23091F
0.45591%4 1€
D.9586921121F
O.1AS1ALAS
N.1478809¢"
7.12938992¢

NU CALTULATED

0.5325%336€
“2.713299613¢
~0.29302982¢
=3.6C33533 3
~D.10023475¢
0.1864R169¢
0.568953465¢E
~0.16483368F
‘00675[269.?
“0.87412127€¢
C.23459N8 3¢
0.193587171¢E
0.5701993R¢€
-0.16455570¢
~0.4T748T365F
-N.87387396¢
D.456CTT7RF
0.41507666F
0.2785%689¢
J.56931257¢€
-0.25339272¢€
-0.6523R701€
D.4082173IRE
0.278632GS€E
0.569322146¢
-0.2%339129¢
=0.95238553¢E
0.71833297¢
D.S5BRIGTHAF
0.36T24780F
D.56926304E
~0434206999¢
N.T6633481E
0.72539167¢
N.588A23191E
3.36726429€
N.56924306F
~0434206994F
N,11653485<F
O.11243828¢
0,9RTAR1502¢
0.76623339¢F
0.45%59]1 54 1E
J.38921121E
C.111T75241¢
O.9RTIINTSE
D.7TA6234891F
0.69%91841E
0.5A921121F
0,1605]1 RAF
2.1475509F
0.12538992¢
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RIGIN RITUR

C.36357574E 04
. 544508145¢€ )¢
J.16530482F 37
J.l6l 20431 97
0.14754754F 037
J.12534937¢ 7
J.94357574F Qe
J.56458165¢€ Y6
7.49328475%¢ 38
0.94014441F 34
0.17755482€ 76
2.13782719F 96
0.128473458F 3¢
9.24730313° 33
3.34396081F 16
".22173426€ )6
C.39229052F %o
J3.35955348F J6
J.221 48839F 36
0.14363863F )t
0.70960610€ 26
0.56987937€ 34
9.5318039%¢ 26
0.31031702€ 36
0.56%0277863F 96
0.5320%128€ 36
0.31331559¢ ne
0.30870972€-32
7.10592687€ 37
0.931n410F ¢
0.70930470€ s
0.35899]111€ 3
0.1108S5972€ 27
2.106688702¢ 37
0.93079509¢ 2
C.TO930813E s
2.¥9099111E s
3.273657150¢ 3%
0.15%62575F 37
V.15565305¢ 37
D.141m4554% o7
J.11969485F 37
0.5866%164F Ja
0.¢8766033€ J¢
0.15469291F 37
S.i4l87027F J7
A.113e9670F 957
0.3%56S51445 Jp
J.44766033 26
3.31490725¢-)9
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NU CALCUL ATED

0.94357874F 0s
0.54458165¢ 06
0.168530462¢ 97
0.i6129431E 97
0.16754754¢ 07
2.12538997¢ np
0.96357574F 06
0,5645R145¢ 94
0.49328478¢ 0%
0.95014441E 06
V.177554R2¢ 06
0.13732779¢ 06
N, 128473865¢ )4
2.24730313€ 03
0.34996061F 26
2.22173424F 04
0.39929082¢ 0y
0.3595634R8¢ 06
0.22148839¢ 0s
0.14363863F 01
0.709606;0¢ 06
0.6698793FE 28
0.531%0398¢ 04
0.31031702¢ 96
0.66027763€ 06
0.53205128% 0a
0.31031559€ 06
0.30370902€-02
0.10592487F 07
0.93104239F 04
0.70930670F "6
0.39893111EF s
0.1100%972¢€ 07
0.10688732¢ 07
0.93079%09€ ne
J.70930813¢ 06
D.39839111E "6
0.2737.578)0€-095%
0.15962575¢ 07
2.1556530%¢F 07
0.14184554F 07
0.1198968%¢ 07
0.88545144€ 06
J3." 2706033 9
2.15069291€ 07
0.14137027¢ 7
C.11969670¢ 07
0.8868%144F 0p
0.487866033F s
2.81490725€ -99
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Input Coefficients
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0.96106

0.28210600F 06 1]
. 38834000E 05 a
0.34004000F 0S
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A
"

J 1 Tay 1 J 2 ray 2 REGID ROTOR NU CALCULATED NU INPUT

o) 0.T72838200E 05 0.7283R000€ 05 0.
¢ 0.48299999¢ J4 0.48299999F 04 0.
-1
0

0.14560479€ 06 0.1456N0479E 06 0.
0.14C084620F 06 0.14084600F 06 0.

1 0.15050600f 06 0.15050600E 06 0.
-1 0.11284952¢ 37 0.11284952€E 07 0.
-1 0.1449C000€ I35 0.14490000t 05 0.
-2 0.98281920E 06 0.982081920€F 06 0.
L 0.T1210145E 22 0.71210145E 02 0.
-2 0.21822926F 36 0.21822926€ 06 0.
-1 0.21122483€E 06 0.21122483€E 06 0.
0 0.22571417E )6 0.22571417€ 06 0.
H 0.21851400E€ 26 0.21R51400€ 06 0.
-2 0.12016892€ 27 0.12016892E 07 0.
2 0.,21879874F 06 0.21879874E 06 0.
-1 0.21912992t 37 0.21912992€ 07 0.
¢ 0.21768098F J7 0.21768098E 07 0.
-2 0.283791364F OS5 0.28979344E 05 0.
-3 0.98310395F 06 0.98310395€ 06 0.
0 0.35594760€ 23 0.35594760F 0? 0.
-1 0.1951095CE 07 0.19510980F 07 0.
-2 0.19800750E 07 0.1980077 & 07 0.
2 0.65525658F 00 0.65625658E 00 Je
-3 0.29064085F 06 0.29064085€ 06 0.
1 -0.,59281904E 26 -0.69281904E 06 0.
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-1 -2 0.28155156€ 26 0.28155156€E 06 0.
-3 ? -0,16985228E 17 -0.16985228E J7 0.
-2 -1 0.,30086762E J6 0.30086762F 26 0.
-2 3 -0,16502280€ 07 -0.16502280€ 07 0. X
-1 ~ 0.29129662F )6 0.29129662€ 06 0. 1
0 -3 0.12754677€ 07 0.12754677E 07 0. ‘
0 1 0.29200779E J6 0.29203779E 06 0.
1 -2 0.227156%8F J7 0.22715668F 07 0.
1 2 029149248 06 0.29149248E 06 0.
o ? -1 0.22625921€E 37 0.22425921€ 07 0.
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1 ray 1
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NP W NN

J

TAYy 2

3
0
-3
1
-3
-4
-1
-2
-3
1
-4
0
-1
3
-4
0
4
-3
1
-2
2
-1
3
-4
0
4
-3
L
-2
2
-1
3
-4
0
4
-3
1
-2
2
-4
-5
-2
-3
-4
0
-5
-1
-2
2
-3
1
-4

RIGIN RITIR

0.29149642¢ 06
0.32396514€ 237
J.%2227553¢ 01
0.32392954E 37
0.,4R295406E 05
0.38375973F 26
0.106TL109E JD4
0.19417199€ J7
0.19900199€ 07
0.%5932412E 21
0.39321145E 07
0.29472877€ O7
9.294835647E D7
9.50174007E-02
0.36277047E 36
-0.52205636E 36
-0.35693440F 037
0.35181029¢€ J6
-0.16382050¢ 27
0.37594551E 06
~0.,15657779E 07
0.36403178E J6
~0.25843230€ 27
0.1.3502781€ 07
0.36545127F D6
-0.25818364E J7
0.235444328 27
0.36442796F 36
0.23361652F 27
0.36444174E 26
0.33127030€ 27
0.364364825E Jb
N,.42964627E 7
0.53116359E 07
7.36634829E J6
0.62850793F 37
0.429506%1E D¢
0.623673839€ 37
0.42950594E 27
0.72431631€ 25
0.98502103¢ D6
0.24B66037E J4
0.19302013€ 27
0.,20026513€ 27
0.18368628E )2
0.39336922E 07
0.29461846F 7
0.29486T13E 27
0.45152971E-31
0.58608374E 07
0.39306177¢ 07
0.59332691E 07
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NU CALCULATED

N.29149642F 06
0.32396514F 07
0.42227553F 07
0.,32392954t O7
0.48295406E 05
7.98375973E 06
0.10671109E 04
0.19417199E 07
0.19900D199E 07
0.45932412¢ 01
0.39321145F 017
0.29«72877€ 07
0.29483547E 07
0,50174007E-02
0.36277047E 06
-0.62205636E 06
-0.35693440¢ C7
0.35181029€ 06
-0.16382050E 07
D.37594651E 06
~0.15657779€ 07
0.36403178E 06
-0.25843230€ 07
0.13502781F 07
0.36545127E 06
-0,25818364E 07
0,23544432E 07
D.36442796F 06
0.23061662E 07
0.364441T74E 06
0.33127330€ 07
0.36434825E 06
~, 29606278 O17
C.33116359t 07
0.36434829E 06
0,62850793F 07
0.42950641E 07
0.62367839€ 07
0.,42950594F 07
0.72431631E 05
0.98502103E 06
0.24866037E 04
0.19302013€ 07
0.20026513€ 07
0.,18368628E 02
0.,39336922€ 07
0.29461846F 07
D.29486T13E 07
0.45152971E-01
0.58608374E 07
0.39306177€ 07
0.59332691E 07

NU INPUT

ey | mp——ER T




J 1 rag 1 ) ? fay 2
5 5 5 o)
| 5 5 5 4
t ] -h 5 -5
; 6 -6 5 -1
; 6 -6 5 3
; I -5 5 -4
! 6 -5 5 0
; 6 -5 5 4
! 6 -4 5 -3
i 6 -4 5 1
6 -4 5 5
6 -3 5 -2
; 5 -3 5 2
. 6 -2 5 -5
6 -2 5 -1
f -2 & 3
6 -1 5 -4
6 -1 5 0
6 -1 5 4
6 0 5 -3
6 0 5 i
6 0 5 L)
6 1 5 -2
6 1 5 2
6 2 5 ~5
A ? 5 -1
6 2 5 3
6 3 5 -4
A 3 5 n
A 3 5 4
[} 4 5 -3
b 4 5 1
6 4 5 5
[ 5 S -2
t b) S Z
o] 6 5 -f
6 6 % -1
b 6 5 3
6 -4 6 -5
6 -3 6 -6
6 -2 6 -3
6 -1 6 -4
6 0 6 -5
6 0 f -1
6 1 6 -6
[ 1 6 -2
h 2 6 -3
f 2 6 1
A 3 1) -4
6 3 6 0
6 4 6 -5
6 4 6 -1

RIGID ROTINR

0.39306361F )7
J.34578252€-24
0.43655262F )6
=0.55295500F 26
=0.34991397F 97
0.42198652F 06
-2.15806464c 97
-0.35112825F 37
0.45092930€ 26
-0.14792899€ 37
-0.54099076E 37
0.43670765€ 26
-0.25119636F 37
0.14266995F 37
0.43918286¢ J5
-0.25070018E 57
0.24400344F 27
0.43740150F s
-0.34932346F 37
0.23676579F 27
2.43743821F 96
-0.34931795€ )7
J3¢33859413F 37
0.43727007¢ 24
J+43709626F 37
Ne33R34549€ 37
0.43727025€ 96
0.63704751€ 07
J.63578421F 07
0.43720606F 26
0.52980435¢ )7
0.4357R238E 37
0.43720606F 26
2.929923039k 27
0.53506327F 37
0.92843249F 07
0.82968173F n7
0.53506326E )7
0.10137431F 26
0.98717605€ 36
0.49518113E 24
J3.19166730E 37
0.2C181030F n7?
0.5%283393F 32
2.39364097F 37
0.29442718F 37
0.29492339¢ 37
3.225733%4E-00
0.58671137€ 37
0.39303858t J7
N0.594848R6E 27
0.39304407E 37
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NU CALCULATEN

0.39306361€ 07
0.34678262€-04
0.43455262F 06
-0.55295500F 064
-0.34991397F o7
0.42193652€ 06
~0.15805464E 97
-0.55112825c 07
0.45092989€ 94
=0414792899€ 07
-0.54099076F 07
0.43670765€ 26
~0.25119636E 07
0.142669)5F Qa7
0.43918286€ U6
-0.25070018€E 07
0.24400344F 07
0.43740150¢ 06
~0,34932396F 07
0.23676579E 07
0.43743821¢ 96
-0¢34931795€ 07
0.33859413F 07
0.43727007€ %6
0.43709626E 07
0.33834549E 07
0.43727025¢c 06
0.63704751F 07
0.43678421F 07
0.43720606€ 06
0.62933435F 07
D.4367R238F 07
0443720606E 06
0.82993039¢ 07
0.535Nn6327¢ 07
0.,92863249F 07
0.82968173F 07
0.53506326€ 07
N.10137491F 06
D0.98717605€ 06
0.49618113€ 04
0.19166730€ 07
0.20181030F 237
0.55083393F 02
0.39364097F 07
J.29442718F 07
0.29492339¢ 07
0.22573344E-00
0.58471137F 07
0.39303856E 07
0.59484886F 07
0.39304407 07

NU INPUT

SR VAT
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CPU VN INDL S P WWWRINN e DO

COrTTITTOOTOCOITORITCCOCTTOCCTCCTRTOCRT PRI OROCTOCRCRORTOTTOC

ray 2

3
-6
-2
2
-3
1
5
-6
-2
2
6
-5
-1
3
-4
0
4
-3
1
5
-6
-2
2
6
-5
-1
3
-4
0
4
-3
1
5
-6
-2
2
6
-5
-1
3
-4
0
4
-3
1
5
-6
-2
2
6
-5
-1

RIGID RIIOR

0.3B143806F-21
0.8R497722€ 27
0.,7R576344F J7
0.49133624F 7
D.78625952F J7
0.49133/26E 07
V4¢224448T4E-I6
0.50592813E 26
-0.48520973E 06
-0.,34304818E 27
-0.83638442E J7
0.49206706E 26
-0.15259439€ J7
~0.54564216E 27
0.,52579452€ 26
-0.139093356E 07
-0.53213151F J7
0.50931234E 26
-0.24399213€ 27
=J.73532839€ 07
0.15053875€ 07
0,51324961F 26
-0.24310225€ 27
-0.73443869€ 27
0.252B4652€ 07
0.51041722€ J6
-0.34200234€ 27
0.24272218E J7
0.51049976E D6
-0.34198858¢€ 07
0.34594539€ )7
0.51022023€ 76
~0.,44031424€ I7
D.64666307E I
0.34544929€ J7
0.51022083E 06
-0.44)31416E J7
0.64586073E 07
J.444055%4E J7
0-51J11872€ 0%
0.63572324€ J7
0.44405063E 27
0.51011872F 06
0.93726617E J7
0.54234280€ 07
0.51006540E 26
0.93598377E 27
0.83676999E J7
0.54234277€ 07
0.51006540E 06
7.12354688F 28
0.10336640F I8
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NU CALCULATED

0.38143806E-03
0.8R6497722¢ Q7
C.78576344E 07
0.49133624F 07
0.78625962t 07
0.49133626F 07
0.22644874E-06
0.50592813E 06
~0.48620973E 96
-0.34304818E 07
-0.83438442¢ 07
0.,49206706F 06
~0.1525%9509F 07
-0.54564216€ 07
0.52579452€ 0%
~0.13909336€ 07
-0.53213191F 07
0.50931234E 06
-0,24399213€ 07
-0.73532839% 07
0.15053875E 07
0.51324961E 06
-0.,24310225E 07
-0.73443849 O7
0.252845652€ 07
0.51041722E 06
-0.34200234€ 07
0.24272278E 07
0.51049976E 06
~-0.34198858E 07
0.34594539¢ 27
0.51022023t 76
-0.44031424E OF
2.44465307€ 07
0.3454492%E 07
0.51022083E 0¢

-0.44031416F OF

0.64586073E 07
0.44405594€ 07
0.51011A872F 06
0.63572324% CT
0.44405043E 07
0.51011872¢ 06
0.83726617E 07
0.54234283F 07
0.51006540¢t 06
0.93598377€ 07
0.83676999E 07
0.54234277E 07
0.51006540¢ 06
0.,12354688E 08
0.10336640¢ 08
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L

TAYy 2

3
-4

6

4
-6
-7
~4
-5
-6
-2
-7
-3
-4

0
-5
-1
-6
-2

?
-7
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1
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4
-5
-1
3
-6
-2
2
6
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RIGID RITGR

0.640619328 )7
2.122%3313E 18
0.10336585F 08
0.64061992¢ 27
0.1351023R€F J6
0.39256027F J6
0.88990751¢ J4
0.19212957¢ O7
0.20365357F 237
0.13761911E€ I3
0.39407N18E J7
0.294124725F 317
0.29501424F 27
0.82750633E 20
0.58314379¢ 07
0.39300045F J7
N.59665402E 27
0.393016422¢ 27
0.22883965F-232
0.98539096F 037
0.78544502F J7
0.49132069€ 27
J.78633493E 07
0.49132077¢ 07
0.292435¢9F-)5
0.,11727518E J8
0.98260850F 07
0.58960804F J7
0.11862621E )8
0.9R8262226E J7
0.58960805€ 27
0.18626451E-08
0.57584827€ J6
~0.42261107€ 26
-0.33538544€ 07
-0.827T0£13E J7
0.56204080E 06
-0.14743573E 07
~0.54044994F 27
-0.11300580E 08
0.50351595F 26
-0.13009174€ 027
-0.52309219¢ )27
-0.11127002F 08
0.58183428L 26
-0.22683072F 027
-0.72815151€ 07
0.15871477F 07
0.5R7688364E J6
-0.23535549€ J7
-D.72567619E 37
0.26198755F 07

60
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NU CALCULAYFOD

0.64061922¢ 07
0.12253313F 08
0.10236585€ 08
0.664C61992F 27
G.13510234F 06
0.99056027F 06
0.88990751€E 04
0.,19012957€ 07
0.20365357F 07
0.13761911t 923
0.39407018E 07
D.29412425E 017
0,295C1424E 27
0.82750633E 0N
0.58314379¢ 07
0.39300045E O7
0.59665402€ 07
0.39301422F 07
0.,22BR3965E~-02
0.88539096€ 07
0.78544502€ 07
0.49132069E 07
0.78633493€ 07
0.49132077¢ 07
0.29243529E-05
0.,11727518E 08
0.98260850E 07
0.5R960804F 07
0.11B62621E 08
0.9B262226€ 07
0.58960805€ 07
0.18626451F-0R
0.57634827€ 06
-0.42261107F 06
-0.336385644E 07
-0.82770613F 07
0.56204080€ 06
-0.14743573F 07
~0.54044994E O7
-0.,11300582%E 08
0.60051595E 06
-0.13009174F N7
-0.,52309219€E 07
-0.11127202F 08
0.58183428F 06
-0.23683072F 07
~-0,.,728151¢51¢ O7
0.15871477E 07
0.58768R36E 06
-0.23535549E 07
-0.72667619F N7
0.26198755F 07
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2

TAl 2

-2
2
6

-5

-1
3
7

-4
0
%

-7

-3
1
5

-6

-2
2
6

-5

-1
3
7

-4
0
4

RIGID ROTOR

0.58347745F
-0.33466647E
~0.92427451F
0.24850756E
0.58364230F
-0.33463622E
“069262442TE
0.35333449F
0.58320338¢
-0.43300044E
0.45239077¢
0.35244483E
0.58320504F
~0,43300019F
0.65495%24E
0.,45131943E
0.58305218¢E
-0.,53130283F
0.6414649)1E
0.45130567F
0.58305219¢
-0.53130282¢
0.84463219F
0.54961804¢E
0.58297259¢&
0.94368821¢
0.34374229E
De54961796F
0.5B297259¢
0.124455646E
0.106409148E
0.54790061E
0.58292556E
0.12310444E
0.10409011F
D.64790061¢€
0.58292555E
0.15325113¢E
0.12374972€
0.7461T640E
0.16315674E
0.15316214¢€
0.123749T1¢E
0.74517640E
0.17357752¢
0.99554629E
D.14753154E
0.18842572¢
0.,20581372¢
0.3024681 3¢
0.39470569E
0.29367575F

NU CALCULATFD

0.58347745¢
-0.3346664TE
~0.,92427451F
0.24850756F
0.58364230F
~0.33463622¢
~0.92426427E
0.35333449E
0.58320338¢
-0.43300044E
0.45239077¢
0.35244481¢E
0.58320504¢
-0.43300019F
0.65495924¢
0.45131943E
0.,58305218¢
~0.53130283€
0.54155901¢E
0.45137567E
0.58305219¢
-0.53137282¢
0.,84663219E
0.54961804¢€
0.58297259¢E
0.94368821E
0.84374229¢
0.54961796E
0.58297259E
Cel2445586E
0.10409148E
0.64790061¢
0.58292556¢E
0.12310444E
0.10609211E
0.6479J061E
0.%58292556E
0.15325113E
0.,12374972¢
0.74617649€E
0.16315674E
0.15316214E
0.12374971F
0.746176&0E
0.17357752¢
0.99554629¢
0.14753154E
0.18842572¢
0.205R1372¢
0.30246813E
0.39470569¢
0.29367575¢

NU

INPUT
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2 P DERIDIXDODXTD®DZDODOEDHDP®OETXISLEE DX DX
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Ay 1

XB®B® BT NNN~NOCOOITONITANS DS Nw SN IUNme= DO

J

X DPXDDDIRRDODEPDDIODDDODDIDO®DIODIODDODDDDE

2

fav ?

RIGID RITHR

0.29515131F 07
0.264316997¢ )1
0.581739741F 07
0.39294%4164F 07
7.59875516F 07
0.39297169F 237
0.99148965F-22
0.88600339F 37
J.7T8497365F O7
D.49129745F 07
0.78644876t 07
0.49129770€ 07
0.204714026-)4
0.11709928F 38
0.98253682F 07
0.58959538E J7
0.11883525¢ 08
0.98256707€ 27
0.58959%539F 37
0.,20489097E-)7
0.15738825€ 38
0.14728526€ 08
0.11791766F 08
0.68787914F 07
0.14743279F 08
0.1179176ARE 08
0.68787914E 07
0.
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NU CALCULATED

0.29515131€ N7
0+24816997F 01
0.5H139761E 07
0.39294164€ 07
0.59875516F 07
0.39297169E 07
0.79141965¢-02
0.8R600339F 07
0.78497345E 07
0.49129745F 07
0.78644876F C7
0.49129770€ 07
0.,20471402F-04
0.11709928E N3
0.,982536R82F 07
0.58959538E 07
0.11883505€E 08
0.98256707F 07
0.58959539E 07
0.20489097F-07
0.15738825F 08
0.14728526E 2R
0.11791766F 0OR
0.687H7I14F 07
0.14743279F 08
0.11791768E 08
0.68737914F 07
-0,

N INPUT




I BENZONITRILE RIGID ROTOR TRANSITION FREQUENCIES
I Input Coefficients
A = 0.56553500E 06 4= 4.14
1 B = 0.15658800C 04
C = N.12144307E 04
) U 52 AU 2 RIGID 27f0R NU CALCULATED NU iNPUT
‘1 1 -1 -0 o 0.27513170€ )6 0.27613107€ 04 0.
1 ! 1 0 9.33245730F 13 0.33245)00€ 03 7.
2 -2 1 -1 0.55032506€ )4 0.55032506F 04 0.
1 ) -1 1 0 0.51901700E Y4 0.5190d T00E D4 0.
> 0 1 1 0.585507015 )4 0.58550701€ 04 5.
> 2 1 -1 9.22540759E )5 0.22640759E 35 0.
? 0 2 -1 0.99735032F 33 0.99735002€ 03 0.
] > ) 2 -2 5.17113149¢ 25 0.1711R149E 0S 0.
- ? 2 2 1 0.19369443F 22 0.19369443F 02 0.
2 -1 2 -2 0.82068851€ 4 0.82068861€ 74 0.
: -3 2 2 -0.89306326F 04 -0.89306326E 04 0.
1 3 P 2 -1 N.77734828E 4 0.T7734828¢ N4 3.
) -1 2 0 0.87701261E 74 0.87TQ1261E 04 9.
3 n 2 1 0.9..3575°7 Je 0.82839301E 04 0.
3 : 2 -2 0.25498493E 25 025698493 05 0.
1 1 L 2 ? 0.8350973°F 4 0.83609739¢ 04 0.
3 > ’ -1 044299193 7C 0% 0.4299L937€ 05 0.
3 3 2 0 3.41995293€ 35 7.41995293E 05 0.
3 -1 3 -2 0.19939933€ 24 0.19939933E 04 3.
1 3 " 3 -3 3.17195193¢ 35 0.17195193€ 05 9.
3 1 3 0 0.96413235€ 32 0.96413285€ 02 0.
) 2 3 -1 0.3322645CE 5 0.33224467E 25 0.
_ 3 1 3 -2 0.35219151€ )5 0.35219151F 25 3.
1 3 A 3 2 0.79677067¢ 39 0.706TT06TE 29 0.
o 4 -4 3 -3 9.10855386( )5 0.10855386E 05 5.
“ -4 A 1 -7.543621385 16 -0.64362198E 04 9.
4 -3 3 -2 2.10343635E 5 0.10343635E 05 3.
l “ -3 a 2 -0.24R74819F 35 -0.24BT6AL9 95 0.
“ -2 3 -1 0.115692)4F 35 3.11669234€ 35 9.
“ -2 ) 3 -0.215559645 )5 ~0.21555964€ 2% 9.
} ‘ -1 3 N N.11730182E 35 0.1103%162€ 95 0.
. l “ 0 3 -3 0.28511691E 25 0.2851L6OLE 05 0.
4 9 3 1 0.11219994E 15 0.11219994€ 05 0.
“ 1 3 -> 0.46300399€ 35 0.46300399E 05 0.
“ 1 3 2 0.11781945€ I 0.11081945E 05 9.
l “ > 3 -1 3.64311344E 36 0.44311344F 35 0.
N |
63
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1A ) TAL 2 QUGLYD BITIR NU CALCULATED NY IyPUT '
2 3 3 0.11786174F 25 0.1108617KF 05 0.
' 3 n D.62356657F 35 N.62356H5TF 05 D4
4 3 -1 7.7955L871€ 35 0.T9551871F 05 D.
4 3 1 3.52260255F 35 N.62260265F 05 2.
-2 4 -3 0.33195620F )6 Ne33195620F Né n,
-1 4 -4 9.17369969fF 35 2.,17363967% 05 Q. '
a 3 -1 A,28824530F D13 0.28624537F 93 D.
1 4 -2 0.37637202€ 2§ 0.3263T202€ 05 0.
> o -1 0.,35361702F I5 0.35961,702F 95 9.
p) A 1 N.99380132F 91 0.49380152€ 01 0.
3 A -4 2.4R696454F )5 0.68696464F 95 0.
3 4 n 0.5174025CE 75 N.51N4N25% 08 0.
4 4 -1 0,5132651A5 26§ 0.513726515F 05 2.
4 . 3 N.2138726NE-31 0.21387240E-01 0.
-5 4 -6 3.13637572¢ 35 0.,1343T572E D5 n.
-5 4 ¢ -0.621R6423E 04 -0.42185423€ 04 o.
-5 4 4 -0.5525R913F 2§ -0.55258913€ 25 0.
- 4 -3 7.12897TTRIE 95 0.12897780€ 05 0.
-4 I3 1 -0.2 10589%4F 25 -0.230589R4F 05 0.
-3 4 -? 7.14545289€ )5 7.14545289F 0S5 %2
-3 4 ? -0.182964951€ 95 -0.18096851F nS .
- 4 -1 7.13763520€ )5 0.13763522€ 05 0.
-2 3 3 -N.,37562975F I35 ~0.37562975F 05 9.
-1 4 -6 2.31788541°F J5 0.31738541c 05 0.
-1 A r 7.14132327€ J5 D.14132327€ 05 0.
-1 4 4 -3.36907944F 35 ~0.316907944F N5 0.
n 4 -3 0.49822773F 235 7.49022273% 05 0.
3 4 1 7.13866009€ )I5 0.13866D09F 25 n.
1 % -2 0.%4522R89F )5 0.46522R889F 05 C.
1 4 2 2.13881749€ 35 N.13880749F 15 n.
? 4 -1 0,651 76076E 25 0.651T60T6E 05 9.
2 4 3 0.13849581F 35 C.13B4QSRLE 1S 0.
1 A -4 1.892546234KF 75 0.82545234E N5 9.
3 & 0 N, 54890N22¢€ 35 0.64390022F 0S n,
3 4 ) T.13369751E 35 0.13B49751E 95 n.
4 4 -3 0.11912814% J4 0.11812814F 04 0.
2 A 1 N.321713788 35§ 0.A2171378€ 0S5 0.
5 4 -? 7.11480858F 26 D.1148045R8E 76 .
5 & b 0.821 686440 J5 0.8216644IF 25 n.
- 5 -4 0,695 TOTI0E J4 J.49ATOTIOE N& 0.
-2 5 -5 2.1789591 77 18 T L.1T695317F NS N,
-1 s -2 ~.55505267F )1 D.655'5267F N3 2.
” 5 -3 0.3135792 ¢ 4% C.31957922F OS5 S.
| s -4 2.36964AT1E 26 0.369448T1E 05 2.
] 5 0 N,1957R4N1E 22 N, 19HTA4SLE 02 5.
’ s -6 N.AGLNBLTIE D& J.6910AATIE 05 3.
2 5 -1 3.50757623c 35 0.5 7S1S03E 1S ~.
3 5 -2 7.514127¢RE DS 0.51412J48E 15 3.
) 5 2 2.102262245-30 N, 19224224F-70 c. l
" 5 -3 0.10,26329€ 236 0.10024AW9E 06 9.
4 5 1 2.5R285890F 18 N.682R55903€ 2% 2.
5 5 -6 0.105230365 )4 0.10523536F 06 ", ”
y !
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n

-5

-5

RiGIN RITIR

0.673305269F
N.SREN22T8E -
0.15952205F
-0.23387608E
-7.53156456¢
J.15¢34231¢€
-0,21690762¢€
-2.89796131E
0.17389952€
-0.1458766RE
-9.52873%0¢
0.1 66R09)5E
~0.34331450¢F
143564646759¢
0.17295790¢E
~0.336619N6E
N.53580K34F
N.16655541F
-0.51549728¢E
J.98672214¢E
N, 1669461 4F
-N,51591"77¢
0.68346031¢
0.16633475¢
0.8B57429)7¢
0.67391937¢
D.16634262¢E
0.121844T2¢
0.34321727%
2.16K16358F
7.,11687356°
7.34902055¢F
J.166ib6154F
0.:5343754F
3.1382M26939¢E
PRS RIS RELIA
3.15278249¢
N.102n2%30¢
D,69227324C
2,192245816F
2.126991379F
3.31223511¢C
2.,38205795¢
D.585512865F
2.69783739¢
J.52295189¢
NS 1I965NRSE
2.35711137¢€
0,998 HIAAAE
D.69201435¢8
0.10661250¢
3.68266092¢

35
kR
35
L
9%
25
)5
35
35
35
35
25
5
35
35
35
Js
35
35
35
75
35
35
25
35
25
35
pLL
)5
a8
J6
25
2%
pL)
26
6
356
J6
pL
35
Ta
358
a8
32
%
25
25
ply
25
7%
pl
NL]

NU CALCULATED

C.68305%169¢

0.58502278F-

0.15952209€
-0.239RT608E
-0.53156kSHE
N.15636231F
-1.21620J62¢
-0.897964 3 1E
0.17389%952€
-0.1658%b48F
-2.828T3340F
0.16480805¢
-0.34931650F
0. 3564hJSIE
0.17095297¢
-0.33661806F
0.5359N534E
0.16655661E
-0.516497287
0.48672214E
0.16694b14E
-0.51531PTTE
0.68066031E
0.1663367SE
0.85T4250TE
0.6739193TE
0.16634242E
n,121846d 2€
0.86921J27F
0.16616858¢E
0.11637966F
3.84902055%
N 1661530 4F
0.1538)754€
N.10202+@9¢
0.171133%AE
0.1527R249F
¢.10202480€
089227924
G.18224014F
0.12699373F
D.31223p11E
0. 3820 WSSE
3.58p51265F
A SILE AT
0.5N2954BAE
2.51%66085¢
N.959311137fF
0.99433L04F
9.68207A35¢
D.10661250€
2.68286092€
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03
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04
ns

[ o T 2% NP W&
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My ENPUT
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Palite SR (e S S SR aBE> IS IS Sl Je (e (NS R T e e N NS N S e NN . . NN

co>rr>r>rrrITrrCCrOrIrI>>>P2rTT>PTr>>
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TAu ?

RIGID RITOR

0.646288576E-02
7.15518125€ J6
7.13568670E 26
0.35390554F 35
D.13695664E 36
0.35391514€ 35
0.15320662€-74
0.18609735E 35
-0.10848152E 24
-0.51380963E 95
-2.13677152E 26
0.17952525€ 35
-1.2019387RE 35
-0.88459964F 75
2.20193206E 25
-0.11089056€ 05
-0.7929643T€ 25
0.191 79430 25
-0.323R5726€ IS
—9.11T77724€ 36
0.39590840€ 75
0.20296289€ 25
~0,30199859E€ 25
-0.11559961€ 26
2.57595284E 15
0.19448830€ 235
-0.4R817205€ 25
9.50817580€ 25
N.1953531 7€ 35
~0,4R572124€ )5
0.7098974AF 35
0.19624623F 35
~2.6596683 1€ 5
N.99217856F IS
5.69723316F J5
7.19427168E 35
~0.65963386E 05
0.12581050¢ 26
7.87564100E 25
0.19398014€ IS
N.119887756 D%
9.87605486E 75
1.19398046F 15
0.15634013E 26
0.1047750E 24
L.19383489E U5
0.174564T4E 4
0.15507019€ 55
0.106 774345 J6
0.19383490F 25
9.2282921 7€ 76
C.199145T7F 06

66

NU CALCULATEN
D.642885THE-02 0.
0.15518L25€E 96 0.
0.13568AJ0E 06 0.
0.85330554c 05 D.
0.136956h4F 06 0.
0.8539L514F 05 0.
0,15020662¢6-04 0.
0.18409735€ 0S5 D.
~0.10848152¢ 04 0.
~0.51380963E 25 0.
~0.1367T7T15?2¢€ 06 e
0.17952525F 05 O.
-0.88459564E 05 0.
0.20193206€ 0S5 0.
~0.11C89056E 925 0.
=0.T7929649 7€ 05 0.
0.19179L0E 025 0.
~0.32385026€ 05 0.
C.395920860€ 05 0.
0.,20095289€ 95 0.
~0.30199859€ 0S5 Ne
~0,11559041€ 06 C.
N.57795284E 0S 0.
0.19448A80E 05 0.
~0.,4881 R205€ 25 0.
0.50917S80E 05 0.
0.19535317¢ 05 0.
0.TO98NHI&4BE 05 o.
0.19424623€ 05 0.
~-0.65964891E 0S5 0.
0.89217856€E 05 N
0.69723316E 05 0.
2419627168 05 0.
-0.6596%386E 05 0.
0.12581060€ 06 0.
0.87664d00E 05 0.
0.193980)14F 05 0.
0.11888775€ 054 0.
0.BT6NS5LBGE 05 0.
0.19368046E 05 0.
0.1563404 38 06 0.
D.1047TT900E 06 0.
0.19383489¢ 05 0.
Ge17456404E 06 0.
D.15507049€ 06 N,
Del06T74DGE D6 0.
0.19383490E 05 0.
0.,2282921 7€ 06 0.
0.190145F 7€ 06 0.
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RIGIN «370R
9.12187958F 35
3.22136738E Db
0.19713712¢ 26
9.1218T3968% D¢
0.31634735¢ 34
0.18994278F J5
D.2196826TE Jé
0,%0479285€ 28
. 39TRT7R&TF IS

14508R26E I3
0.7/N304627E IS
.0 $23522F 35
0 19.38564E 06
0.353»9112€ 21
0.9B:945)4E 05
0.58070131¢ 35
2.10785802¢ D6
0.6R215257¢€ 05
n0,.38512257€-01
0.15515501€ J6
0.13497390E 26
D.35346A76E 05
0.13716073E 36
N.A5350380E 25
0,19510322£-1)3
N.20117617E J6
D.1705518CE D6
0,10248153F J6
0.21233955€E J6
0.17969689% 35
0.10248157€ J6
0.36926940E-J¢€
0.20828632E J5

=0,35247214€ 23

-0.49979493E 25

-2.13532637E )6
0.20453332E 35

-0.1918942TE 25

-0.8T7404646F 2J5

-0.18988631€ 06
0,22943812¢ J5

-0.76B05614E D4

~0.T7T5750730€ 05

-0,17823236F 26
0.21856372E 95

-0.2995337TE 05

-0.11:530436F J6
D.%4292370E 05
0.23111265E )J5

~D.26515762€ )5

~0.11186264E 06
0.51885390E 35
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NU CALCULATED

0.12187968E 06
N.22136934€ 06
0.1900873 25 06
0.12187963F 06
0.916% 7355 0%
0.1899a278: 05
0.21°<8267€ 04
0,206 TS28SE 05
0.3978 MG TE 05
0.14508825€ 03
0.T0804527E 05
0.49623522€ 05
0.51813854E 05
0.35045112€ 01
0.98694804E 05
0.68070431E 05
0.10785802€ 06
0.68215257F 05
0.M8512257E~01
0.15615501€ 06
0.13497390€ 06
0.85346876E 05
0.137156G73€ 06
0.85350340F 05
0.19510322€-03
0.201176d TE 06
0.170551B3E 06
0.1024°183F 96
0.21033965E 06
0.17069689€ 06
0.10248167€ 06
0.36926%0E~06
£.20828632€ 05

~0.35MT214€ 03

-0.49979%99E 05

-0.13532637T€ 06
0.20453332E 05

~0.19183427E 05

-0.8T404564LE 05
-0.18688531E 06
0.22943B12E 95
0. 76805614E 06
-0.75750d30E 05
-0.17823236F 06
0.21856@872E 05
-0.29953@T7E 05
-0.11530436F 06
9,44262370€ 0%
0.23111R265€ 05
-0.26515062E 05
=0, 11186264E 06
0.6'885390E 05

NU INPUT
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REGEN ITOR

T.22242K31F
~0,459 72588t
=9 .,14845426F

0.53035996F

2.22¢11627E
~0,45658547F
~0.14914018F

D.T403405%F

2.22223704¢E
~7,631 266T6E

0.33338789¢E
0.T71857635E
2.22230658E
~2.631146218E
0.13)06330F

G.90400544€

C.22185325F
~N.80236344E

0.120¢RANJ0E

0.9025%822F 2

0.221 8B5653E
-0.3C2R6LTTE
N.1593243°C
0.10751403%
2.221563652E
0.17131866E
N.15T13756F
0 107410 33F
D.22163654F
2.23249048E
8,.192864772¢
3.1266370F
0,2 50834t
Q.22332751F
N,192702513¢E
2123612668
0.22150934E
.2 Te8947 2%
0.2770GB437E
D.14173399%
2.2 5T38900F
0.2T6TOTBIE
2.2 2TOROETE
2.14173399¢
D.11652335%4¢
2.z0222018E
0,34617192E
D.29TTALNGE
0,617606139%
f.31407985F
D.72199°98E
0.,487359%1¢t

P LR SRR

s

- . .
Bt e A ey

Nip CALCULATED

0.22263631E
~0. 45972528
-0, 14R45426F
0.53035095E
0.22411p22F
~0.45658564 7€
-0.148140) BE
0. 7603405 3E
022223704
~746312R6T6F
0.93038789E
0.71857685€E
0.22230659€
~0.6311521 9F
0.13004320E
0. 5040054 €
0.2218F325€
~(4B0296344E
0.122980pCE
2.9025562 2€
0.22185453€
~0.8029A17TC
0.17532438E
0.10751403F
0.22183453¢E
0.17231HB6E
0. 2S713ESAL
0o C7S1GH3E

Ca?2163554E

0.2 3249048F
B 19284 TF2E
0.1265325CE
0201 50334E
0,2233201¢
0.1527026 1€
Do) 2663258
0.22150834€
3,27889402¢€
P, 2770 653 (E
014173389
0.297889D0F
0.276TIRBIE
2.22708C87E
0. 1417339
0.11653954E
0.2002201 8¢
0.346417153E
0o, 9778204E
0.4L74613uE
031407 B5E
0.72199698€
0.4B735061E
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=0

LR D WS LOXTLDODDDO LD LD X
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LD XXV N AN NTCPAANED DD SNV I N=— DD
DPIP@PEXXLL DD ODDODDDOOILDVDID PN LOLDX
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X H O R BX

RIGID RITOR

0.52188139¢ 05
0.10658674€ )2
0.97936018¢ 25
0.57343833€ 25
2.10959Cl4E J6
D.58158079% 05
2.16649274E-D0
0.15T749003€ J6
0.13402629% J6
0.85279870E 05
0.13746801E J6
N.85290331€E 0%
0.13639941€-92
0.2(2383207 J6
C.17029101E J6
0.10244701E 06
0.2i203715¢E 06
0.1 70605G9€ 06
1.102%4718F 06
2.55347T627€-)5
N.27706037€ 36
0.253596&63€ 56
0.20485021F 2Jn
7.11957034E J6
0.25703835E D6
5.2UeB6067:. J6
0.11257034€ 26
0.878293558-08
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NU CALCULATFED NU INPUT
0.5218B239E 35 0.
0.10458674E 02 0.
0.97934D18F 05 0.
0.67843833E 05 0.
0.109590M 4E 06 0.
0.6B158079¢ 05 0.
0016649276E°00 00
9.157490D03€ 06 9.
0.13402629€ 06 0.
0.852T9870E€ 05 0.
0.13T7468D1E N6 0.
0.85290331€ 95 0.
0.11b3996lE-02 00
0.20038320E 06 0.
0.170291P1E 06 0.
0.10244TP1E 06 0.
0.21203%15E D6 0.
D.17060509€E 06 0.
N.10244T1BE 06 2.
0.55348627€-05 0.
0.2770608TE 06 0.
0.25359663F 06 0.
0.20485021E 26 0.
0.11957034€ 06 0.
0.257033835€ 06 0.
0.20485056TE 26 0.
0.11957034E 04 0.
0.87893568E-08 0.

e e A




NITROSYL CHLORIDE RIGID ROTOR TRANSITION FREQUENCIES

Input Coefficients

ua = 1a28 u = 1.83
A = N,85290000€ ¢S .
B = N.57383000E 0& M, K = -0.9909
C = 0.53764000E 04 u =0
I TAU 1 )2 TAU 2 RIGID ROTNR NU CALCULATED NU INPUT
1 -1 -0 0 0.11114T00€ 05 0.11114700F 05 0.
1 0 -9 n 0.90666399F 35 0.90666399E 95 0.
\ 1 i -1 0.79913600€F 35 0.799136C0€ 05 0.
1 1 1 0 N.36139996€ 03 0.36189996E €3 0.
> -2 1 -1 0.2222R158E 35 0.22228168F 05 0.
> -2 1 o ~0,57323531F 25 -0.57323531F 05 0.
2 -1 1 -1 3.10141920€ 36 0.10141920€ 96 0.
2 -1 1 0 0.218675005 05 0.21867500€ 95 0.
2 n 1 1 0.22591300€ 25 0.22591300F 05 0.
> \ 1 \ 0.26124640E 06 0.26126640E 06 0.
2 2 1 -1 0.34116123E 26 0.34116123€ 06 0.
> 2 1 0 0.26160953F 06 0.26160953€ 06 0.
, n 2 -2 0.30276731E 235 0.80276731F 05 9.
2 n 2 -1 0.10856999€ 34 0.10856999€ 04 0.
> 1 2 -2 0.31893183¢ 06 0.31893183€ 06 0.
> 1 2 -1 0.2397408GE 26 0.23974080E 36 0.
2 2 2 0 r.23865633F 36 0.23865633E 06 0.
) ? 2 1 0.12319712€ J1 0.12319712€ 01 0.
3 -3 2 -2 N.33339172F 05 0.33339172€ 05 0.
3 -3 2 -1 -0,4585i859E 05 -0.45851 859 05 0.
1 -3 2 2 -0,28559389E 06 -0.28559389F 06 0.
3 -2 2 -2 0,11199151€ 06 0.11199151F 06 0.
3 -2 ? -1 9.32R004B1E 05 0.3280N481E 05 9,
y -2 2 2 -0,20694155€ 06 -0.20696155€ 06 0.
3 -1 2 0 0.33886179€ 05 0.33886179€ N5 0.
2 -1 2 1 ~0.20476892E 36 -0.2C4T6R92€ 06 0.
3 n 2 0 0.27199920F 26 0.27199920€ 06 0.
3 n 2 1 0.33344190F )6 0.33344100E 05 0.
3 1 2 -2 7.35228209F 26 0.35228209€ 06 0.
3 \ 2 -1 0.27309126E 26 0.27309106E 06 0.
3 ! 2 2 0.33349028E 35 0.33369028€ 05 0.
3 2 2 -2 0.75393935E 06 0.75093995€ 06 0.
1 2 2 -1 0.567LT4891E 96 0.67174891E 06 0.
a 2 2 2 0.4320068RE 06 0.43200688E 06 n.
A 3 ? 0 0.67066321F )6 0.67066321F 06 0.
3 3 2 1 0.43200811F 36 0.43200811€ 06 0.
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: ) Tay 1 )7 ray » RIGID RITAR NU CALCULATED NU INPUT !
: 3 -1 3 -3 0.30823738E 05 0.80823738E 05 0
; 3 -1 3 -2 0.217T13971€ 04 0.21713971F 04 0.
: 3 0 3 -3 0.31893676E 06 5.31893676E 06 9 ,
2 0 3 -2 0.24028442€ 06 0.24028462E 06 0. z
; 3 1 3 -1 0.23811916E 26 0.23811918E 06 0. |
j 3 1 3 0 0.61597592€ 01 0.61597562€ 01 0. ,
b ! 2 3 -1 0.636TTTO3E 36 0.6367TTO3E 06 0.
3 2 3 0 0.39866401E 26 0.39866401E 06 0. ;
. 3 3 3 -3 0.71760077€ 06 0.T1760077€ 06 0. ¥
j 3 3 3 -2 0.63894843E 26 0.63894843€ 06 0. ;
: 3 3 3 1 0.19865784E 06 0.39865T786E 06 0. <
3 3 3 2 0.26211719€-22 0.26211TL9€-02 0. X
4 -4 3 -3 0.46446481E 05 0.44466481E 05 0. i
4 -4 3 -2 -0.34205859€ 05 -0.34205859€ 05 c. :
4 -4 3 1 -0.27649644E )6 -0.274496%4E 06 0. §f
4 -4 3 2 -0.67315429€ 26 -0.67315429E 06 0. 4
4 -3 3 -3 0.122384B9E 05 0.12238489 06 Co :
4 -3 3 -2 0.43732549E 05 0.43732549€ N5 0. ¢
4 -3 3 1 -7.19655803€ 06 -0, 19655803E 06 0. 5
4 -3 3 2 -0.59521588E 06 -0.5952158%¢ 06 0. £
4 -2 3 -1 0.45180133€ 05 0.45183133€ 05 0.
4 -2 3 0 -0.19293289E 06 -0.19293289€ 06 0.
4 -2 3 3 -0.59159690F 06 -0.59159690E 06 0.
4 -1 3 -1 0.28257086€ 36 0.28257086€ 06 0e
4 -1 3 0 0.44457842F 35 0.44657842F 05 0. ‘
4 -1 3 3 -0.35620617€ 26 -0.35420617€ 06 0. :
4 0 3 -3 0.35341328E 26 0.36341308€ 06 0.
4 0 3 -2 0.284T6074E 06 0.28476074E 06 0.
: 4 n 3 1 £.444TO161E IS 0.444T0161E 05 0. !
4 0 3 2 -0.35418769€ 26 -0.35418769€ 06 0.
e 4 1 3 -3 0.76206202€ 06 0.76206202€ 06 0.
4 1 3 -2 0.68340969E 26 0.6834D969E 06 0. ,
) 4 1 3 1 0.44311911€ 06 0.44211911E 06 0. l
4 1 3 2 0.44461256€ 05 0.44461256E 05 0.
4 2 3 -1 0.68123830E 06 0.68123830E 76 0.
4 ? 3 0 3.44312529€ 06 0.44312529E 06 0. |
4 2 3 3 0.44461272F 05 0.44461272F 05 0. ,
. 4 3 3 -1 0.12393846€ 07 0.12393645E 07 0. :
: 4 3 3 0 0.10012516€E 07 0.10G12516€ 07 0. y
4 3 3 3 0.60258754E 06 0. 60258TS4F 06 Ou §
. 4 4 3 -3 0.13201883€ 07 0.13201883€ 07 0.
LA 4 4 3 -2 0.12615360F 37 0.1241536GE 07 0.
4 4 3 1 0.100124564F 07 0.10012654E 07 R
4 4 3 ? C.6G258T54F J6 0.602587S4E 06 C.
4 -2 4 -6 0.81557390F 35 0.81557390€ 05 0.
4 -2 4 -3 0.36189812F 04 0.36189812F 04 0.
4 -1 4 -4 0.31894812¢ 26 9.31894¢812F 06 0.
4 -1 4 -3 N.241009T1E 06 0.24100971E 06 0.
4 0 4 -2 0.23740921E 36 0.23140921E 06 0.
4 a 4 -1 0.18478601E )2 0.18678601E 02 0.
4 1 4 -2 0.63605816€ 26 0.63605816€ 06 0.
4 1 “ -1 0.39866743F 26 0.39866743E 06 0.
71
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1

Ay 1
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fay 2
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0
1
-4
-3
Q
1
-2
-1
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-3
0
1
4
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-1
n
1
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RIGIPR RITIR

0.71761556F 06
0.63967TT716F D6
0.39864096E 6
0.18348093E-21
2.12757418€ 27
0.11978034¢E 27
0.95577523€ 06
0.55812628F )6
0.11941864F 27
0.95679371¢ J6
0.55812627E J6
0.462669¢1E~D5
2.55548965¢F 25
~N.22389543€ )5
=0.263417T3€E 06
-0.662N06658E J6
-0.122C1930€ J7
0.12260180F 06
3.54563388F 25
-0.18636480€ 06
-0.58501375¢ 06
-0.11431400€ 37
0.36472833E IS
-N.18391790F J6
-0.57958534€ 26
-0.11377LL6E O7
0.29296149F )6
0.55570763E 35
~0.343096A8E D6
~D.90122295¢ J6
2.37456200€ J6
0.29562359E Jd6
0.55595397T€ 235
=3.34305355€ 26
=0.3C117984€ D6
0.77319325E J6
0,69525684€ J6
N.45622666E )6
D.5SSTTTORE I5
~0.5N0254858E 06
0.59163594E D6
0.65624521E J6
D.555T77763E 35
-0.5N02%54850% 06
0.12497627€ 27
0.101237008 o7
0.513707250F 36
J.55576238€ 25
J.13313181E J7
2.125337197E 2?7
0.1N0123515€ 27
7.6137025%2€ DJ6

12

NIJ CALCULATED

0.71761556E 06
0.63967T16€ 06
0.39864R96E N6
0«18348093E-01
0.12757418E 07
7.11978034€ 07
0.95677523¢ 06
0.55812628F 06
0.11941844E 07
0.95679371€ 06
0.55812627F 06
0.46266941E-05
0.55548865€ 15
-0.,22389543¢ 05
-0.,26341T73€ 06
-0.66206668E 06
~0.12201930E O7
0.13260180E 06
0.54663388E 95
~0.18636480€ 06
-0.58501375€E 06
~0.11431400€ 07
0.56472833E 0S5
-0.18091T90€ 06
-2.57958534E 06
-0.11377T116F O7
0.29296149€ 06
0.55570763E 235
~0.3430966RE 06
-0.,9C122295E 06
0.37456200€ 06
0.29662359E 26
0.55595397€ 25
-0.34305355F 06
~0.9C117984E 04
0.77319325E 06
0.69525484F 06
0.45422666E 06
0.55577TT08E 05
-0.50254858E 06
0.69163594E 06
0.4564264521E 04
0.555777163€ 0S
-0.50254850€ 0%
0.12497507€ 27
0.10123700€ o7
0.61370250€ 06
0.55576238E 0S5
0.13313181€ 07
0.125337197F 07
0.10123515€ 07
0.61377252€ 06

eyt R
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NU INPUT




e
—

Al |

EaER Sl

>

[}
J"J\J\-llmwwbbbbuwwur\aw\aw—-—-a—-—-)g

.7‘0‘?'7‘1‘1}7‘)'FJO‘V“J’IJ‘J‘J'\J'l.n-.ﬂd'«uﬂ.ﬂmﬂJ'IJ\J\‘J‘-JlJ'J"-J‘lJ‘J'J!J‘:l.ﬂ\JlJIxHJ“JI.ﬂJ‘»ﬂJIJ"J\J‘J’J\."
L S N T T T S B N
SAAADATIPT I

¢
)

J 2

J‘».ﬂ\ﬂ.ﬂJ\J‘J'\Jl\ﬂ\ll\ﬂ\ﬂd‘\llv‘laU\J\-ﬂ\l‘mmd‘l\ﬂ\ﬁ\.ﬂ@m\ﬂ\ﬂ\ﬂJ‘U‘J\\J“J\\.ﬁJ'J\J’J\J‘&‘&J‘&J‘“&J‘b&

TAU 2

4o
~4

«IGIN RDTNAR

0.55576238F 35
3.204R9094E 17
0.19709710€ 27
N.17299428¢ J7
J.13312938E )J7
D.T7316753C J6
0.19673520¢€ )7
0.17299512€ 07
J3.1331293R< )7
2.77316753E 26
N0.826481357F J5
0.54284250€ J4
D.3I1HET00ZE JI6
0.24191709¢ 06
D.23653177€ 26
N.43113654E 92
0.63516303€E J6
0.39867437€ J6
0.T17646436F 06
N.64)59153E J6
0.39863133E 06
D.733914d7E-C1
0.12757692€ )7
J.11987153€ J7
0.9567562TF D6
3.55812481E 06
0.11932878€E 27
0.955T9919¢€ J6
N.55312474F 06
0.%1640364F-24
2,19108791€ 27
0.16743905F 07
J.12757160€ 37
0.71759129¢ J6
2.19933635F 37
7.19163076% 77
0.16T436T4E 27
N.127STISLE 37
0.T1759129E )%
0.74505806E-28
2.56645136t IS5
-2.106407824¢ 35
-0,252368J2€ J4
-0.55099928E J6
-0.120912¢1¢ 37
=2.1926T154E 07
J.14204556% 06
2.6559272RF )5
“2.17536767€ 36
~0.5749¢373E J6
-0.11331233€ 27
-0.1EB50T148E J7
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NU CALCULATED NU INPUT
0.55576238E 05 0.
0,204R9094F 27 0.
0.18709710F 07 0.
0.17299428E N7 N
0.,13212938E 07 0.
0.77316753E 26 0.
N.19673520F 017 Ce
0.17299612€ G7 o 2
0.13312938€ 07 0.
0.77316753E 06 0.
0.,82481357F 15 2.
0.54284260F D4 0.
0.31897002F 76 %,
0.24191709€ 06 0.
N.236531T77F 26 0.
0.43113654E 02 0,
0.63516303E 06 Q.
0.39867437F 06 0.
0.,71T764446E 06 0.
0.64059153¢ 26 0.
0.39863133€ 06 N.
0,127157692€E 07 0.
0.11987163E 07 2
0.9567560TE 06 0.
0.55812481% 06 0.
0.11932878E 07 0.
0.95679919¢ 06 0.
0.55812474E 06 0.
0.416403645-04 Ve
N.1910R791E 07 0.
0.16743905€ 07 O.
0.12757160F J7 0.
C.T1759129€ 06 0.
0.19933405E 07 0.
0.19163076E 07 0.
0.16743474E 07 0.
0.12757161F 07 0.
N.T1759129€ 06 Ne
0.74505806E-08 0.
0.66645106€ 35 0.
-0.,10407824E 25 J.
-0.25236802¢ 06 0.
-0.6509992RE 06 0.
-0.,12091261F 07 C.
D.14264556E 06 0.
0.65592729¢ 05 Je
«0.5T7499873€ 06 0.
-0.11331235€ 07 2.
-0.1A85071¢8€ 07 0.
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RIGIED RATNOR

2.677639%0F
-2.16372458¢
-N.5673991 2¢
-J.11255239F
-N.18431152¢€
N.30317132F
0.566R2666%
=2.33199178¢F
~Ne29)11652E
~0.,16377078F
7.38573R30E
0.3086R597¢
D.58725769E
~0.33190549F
-0.9930303nf
-N.16076216F
3.78433930F
2.707285K37F
V4653261 7F
N.666949]2F
=3.691472930F
-0.12090212F
0.70185816F
0.4A536950F
0.66695J050F
-0.%91 42968F
-0.,12090210E
0.12599802€
0.1N23491 AL
D.52¢R]1T16E
N,5669233RC
-2.65389839F
2.13024616F
J.12654087¢
0.102 34485¢
J.526R81721E
J.5h6923198F
-0.65399399F
0.2060051 8¢
0.198299A89E
J.17610397F
D.13424074F
J.TR&28258E
L.56691290¢
2.197TST04E
"L.1T¢1081LAE
C.13424073E
J.TA42825AE
2.9659129NE
2.28546258 ¢
N.26181380€
2.221946)0E
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NJ CALCULATED

0.677639R0¢E
~0.14872448F
-0.567399]2¢
=N, 11255239¢E
-N.1B431152¢
0.30317132E
0.656026K6F
~0.33199178€
-0.89011652F
-0.16077078E
7.38573690E
0.2rAR63597E
2.66T725769¢
=0.3319975473¢€
-0.89C2303N"F
-0.16076215¢E
2.784339310E
0.70729631F
044653261 7F
0.66694912E
-0.49142390€
-0.12090212¢
0.701858] 6€
0.46536950¢€
0.66695060F
-0.49142969F
-02.12099%210¢
0.,12599802¢€
0.102%9]6E
0.62431714¢
0.66692398F
-0.65089889¢
0.13424616€E
0.12654087¢
0.10234485¢€
C.624R1 T21E
N.666921IRE
-0.650%Q8A9¢
0.20600518F
0.19R29989F
D.17410387E
C.13424074¢
D.784208258¢E
N.66691290¢
0.19TTISTC4E
N.1T761781AL
0.13424073F
0.78428258F
0.66691290E
N.285456267E
0.2618]1380¢
0.22194038¢

~——— .

0os
o L)
N6
o7
or
06
29
045
06
07
N6
26
25
J6
L}
o7
26
N6
25
05
2%
o7
26
16
35
26
07
o1
o7

NU ENPUT

-

o~

Gl GID Oug GO0 Om) g P Ppud Puy PN ) GG D GO0 OG0 G B & =




Q22

[}

~ AP PP PP PIPPIITOPIIIPIPIOIPTIIIIIPIAITIIPTITIPIPOPIIIPISOTITIIPSIT NPT
-wA NP PP PP P LAADNN DL P LE L MNP e e

J

PP PIPrOCOCC0rCITCICREPICOTITOOICTOIPITCRPTNANNIN ANV

2

ray

2
5
-5
-4

2

R1GID R]ITNR

0.16513388F 07
2.9343T74755€ J6
0.293710A0€ 0J7
J.285C0551F 27
N.261R0949¢ 07
0.22194537F 37
3.16513388F 07
0.94374755E 06
2.83500230E I35
0.75996790€ 04
0.31900757€ J6
D,24300772€ 26
0.23549356E )6
D.86216654E 32
0.636409396E J6
0.,398686K2E J6
D.7T17694%1E 06
N.64L693R86E 006
0.39860062E J6
0.220169644£-20
0.12758165€ J7
0.11998159€ 07
0.35572270€ 06
0.55812230€ J6
0.11922163F 37
0.95680892E 06
0.55812208€ 26
0.20820077€-2)
0.120980565¢ J7
0.16743991€ 37
0.1275712%¢€ )J7
0.71759018E D6
0.19934057F 27
0.191 74061F J7
0.16743129E€ J7
J.12757125¢€ )7
0.71759010E Je
N.81025064E-27
0.28704829¢€ J7
0.27944524F I7
2.25513892¢ 27
2.21527TA8TE J7
0.1594845¢E D7
C.87705626E Db
2.27860027F 27
2.25514553¢% 7
0.21327685¢ 07
Co15946463E O7
2.87705626E )6
0.23283064E-29
0.TT733INTE 33
2.1733)955¢€ Js
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NU CALCULATED

D.16613388F 07
0.94374755€ 06
0.29371080€ 07
0.28600551€ 07
N,26187943F 07
0.22104637¢ 07
0.166133RARE 07
0.94374755F 06
0.R3600230€ 05
0.75996790E 0«
0.31902757€ 08
0.24300702¢ 06
0.23549356E 06
0.36216654F 02
0.63409396€ 26
0.39868662E 06
0. 71769441E 06
0.64169386E 06
0.39860062E 06
0.22016944E-00
0.12758165F 07
0.11998159€ 07
0.95672270¢8 926
0.55612230F 06
0.11922163E 07
0.95680892¢ 06
0.55812208E 06
0.20820077€-03
0.19098065€ 07
0.16743991F 07
0.1275T123€C 07
0.71759018F 06
0.19934067E 07
0.19174061€ 07
0.16743129€ 07
0.12757125¢ 07
D.71759018€ 06
0.81025064£-07
0.28704629% 07
0.27944824€ 07
0.,25513692¢ 07
0.21527687€ 07
0.15946464E C7
0.8770%4626E 06
0.2786%627E 07
0.29%14553 0C7
0.21%27685¢€ 07
0.159464064F 07
0.87705626F 06
0.232830064E-09
0.77T3V947¢ 08
0.17333955€ 04

NU INPUT
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-0 .2641135995€
~0 63998024 €
-0.11980A25F
-0.19186727E
<3.2792729¢C€
0.15252019F
3.7165202)5€
~0.16657300F
“0.555173¢1E
-Je11232957€
-1 .1 840RASOE
~0.2T71179622€
0.792353205F
~0.15635414E
~N+55504098E
~0.l111310631E
-0.18307532€
-0.27078095¢
J.31320005¢
D.77793309€
-0.32089353¢
~DJHTIOLSSIE
=)« 15966058E
~0.24736621F
0¢396956I4E
0.32095549E
0.77862252€
-0.32073R15¢
~0.37886045%
=J).159645J6¢
~0.24735059¢
J.7955071L 1F
0.71950662€
J.47641338E
C.T78129T7€
~0.432309032¢
“Na11979995¢€
~0.20749558~
2.71190748¢€
0.47650N1 4E
0.77R1IIJTE
=0.48030877¢
<3 11978990F
~0.2NT49552F
9.127002513¢
J.103481709¢
2.63593110¢
0.77809n213¢
=2.6327R116¢
~0. 151 6AYT4E
0.13536255¢
0.12776250¢

16

-0.264135985€
~0.63996024E
-0.11980825¢€
~0.19156727F
-0,27927290¢E

-0.16657300E
~0.56517341F
-0.11232957E
-0.1R4"ABSIE
-0.271794622¢

~0.156315414€
-0.55504 098¢
-0.11131631¢€
-0.18307532¢
-0.27078095¢

-0,320991353¢
-0.87901561F
-2.159646058¢
~0.,24T736621F

-0.32073815¢
~0.978R6045E
~0.15964506E
-0.24T735069¢E

-0.4R010932¢
~0.11978995¢€
0.20749558¢F

~Q.480308T77E
-0.11973990F
~0.20743%52¢

-0.63974116¢
“0.15168374¢

NU CALCULATED

0.15252079€ 06
C.76520235€ 05

0,79053205€ 05

0.3132)065¢ 26
0.77793309€ 05

0.39695604E 03¢
0.32095549€ 04
0.77762252¢ 05

0.79550717€ 06
0.71950662€ 06
0.47641338E 06
C.7T7R12977¢€ 0S5

0.71190749¢ 06
0.47650014E 06
C.77813307€ 25

0.121C"253¥ 07

2.103401792

0.61591110E C6
0.7TANGQ23E 08

0.13536255€ 07

0.121162%3E 7
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a1 ) ? 1AU 2 REGLD ROATNAR NU CALCULATED NU INPUT
! 1 [ -2 N.1034%317€ 27 0.10345317¢ O7 0.
7 1 b -1 7.53593133€ J6 0.53593133 06 0.
! 1 h 2 L ,7T7809023E J5 0.7TRO09)23E 09 0.
T i 6 3 -0.63978116E J6 “0.6397ALLAE OO 0.
7 1 6 [ ~-N.1516R374E 07 -0,15168374E 07 0.
14 2 6 -6 n,20712139€ J7 0.20712139¢ 07 N.
7 2 b -8 G.19952134¢ O7 N.1995213+¢ J7 0.
7 2 ) -2 5.17521201F J7 0.17521201€ O7 0.
7 2 6 -1 0.1353%197€ 27 0.13538197€ 07 0.
7 7 (-3 2 0,7953974S€ 06 0.79539745€ 06 0.
7 2 (3 L) 0.77807263F IS 0.77807263€ 25 0.
7 2 .Y 6 ~0.79924930E 06 -0.19924900F 06 0.
7 3 [ -4 0.19876137€ )7 0.19874137€ J7 0.
7 3 6 -3 0.17522064E 27 0.17522064t N7 O.
7 L) 6 0 0.13535195¢ 27 0.13535195%€ 07 D
14 3 6 1 n.T953974S€ 06 0.79539 745 06 0.
14 3 6 4 3.1T1R01263F IS 0.,2780T263E 05 0.
7 3 6 S -n,719924900F 36 -0.799249.)0F 06 0.
7 4 [ -4 0.29&6690€ 27 0.28646690€F 07 0.
7 [ [ -3 0.26292617€ J7 0.26292617¢€ 07 0.
7 I3 [ 0 0.22305749€ 07 0.22305749¢ 07 0.
7 4 6 1 9.16124528F 217 D.16724528¢€ 07 0.
7 4 [ 4 0.954R6260E J6 0,95486260€F 06 0.
7 4 ) 5 0.77806340€ 25 0.77806342E 05 0.
4 S L -6 N.294R2A93€ 27 0.29482693 07 0.
7 5 6 -5 0.26872263T7E O7 0.28722687E 07 0.
7 S 6 -2 0.26291755€ 07 0.26291755€ 07 0.
7 5 6 -1 0.2230S7SLE 27 0.22305751¢ O7 0.
T 5 6 2 0.16724528F 37 0.16724528E 07 0.
7 s 6 3 N.95686260E J6 0.95486260€ 06 0.
7 5 S [ 0.7T7B80634NE 25 0.77806340t 05 0.
7 ) 6 -6 N.3984TIISE IT 9.39847905¢ 0T 0.
1 .Y [ -5 0.39087899€ 27 D.190AT899E 07 Q.
7 A 6 -2 7.3665695TE J7 7.36656987€ O7 2.
? 6 [ -1 N.326TN963E IT 0.326709%83 37 Ne.
7 [ [ P 4.,2T089740€ 27 0.270R9740F 37 Q.
H [ A 3 0.19913938€ 27 0.19913828E O7 2.
1 L & 6 0.11143275¢ 27 N, 11143275 9T 2.
7 7 A -4 0.39911902€ 37 0.39011902¢€ 07 0.
1 T [ -3 0.3665TA29E J7 0.364ST829€ 97 0.
7 7 .3 n N.32670961E J7 2.32670961€ 27 D
7 7 6 1 0.27089740E 27 0.27089740F 07 Ne ¢
? T Y L} 0.1991333aF DJ7 0.19913838E O7 9. '
1 ? ] 5 2.11143275¢€ 07 0.11143275€ 07 QO ;’
7 -5 7 -7 0.84919489¢ IS5 N.AKI19489E 95 5. ;
? -5 7 -6 2.10132A08F 05 0.1013286438F 09 0. i
7 -4 4 -7 0.31906694€ J6b 0.31906894E J6 0. {
! -4 1 -6 A,24428010F Db n,24623010€ 26 .
? -3 7 -5 1.238302401€ J6 0.23¥30261E 26 0.
7 -3 T -4 7.1551595%¢ ) 0.15%51599S€ 03 0.
7 -? 4 -5 0.63285373F J6 0.632853¥73 0o 0.
7 -2 7 -4 0.)9870629€ )b 0.39870629E 06 Q.
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-1
-6
-2
-2
-7
-6
=3
-2

-5

-4
-1
0
-5
-4
-1
e
-1
-6
-3
-2
1
2
-7
-6
-3
-2
1
?
-5
-6
-1
0
3
4
-5
-4
-3
0
3
&
-7
-6
-3
-2
1
’
5
)
-7
-6
-3
-2

RIGID |RITOR

0., 7TLTTTITTE D6
2.63298693E 6
D.398551568E 36
J1.55C40659F )0
D.127589L6E )7
0.12011067¢E 27
0.95666948E 06
0.55811834E J6
0.1190972LE 17
0.925682463E 26
D.55811780E 06
0.76339231€E-04
7.19385605¢ 27
D.1A746131E D27
0.12757062¢ 27
0.71758842E€ 36
0.19934800E 47
2,19186932¢ 27
0.16742579€ 07
0.12757068E 27
0.71758842F 06
0.43731454E-36
3.28708353¢€ 07
0,27957485E 07
0.25513132€ 27
0.21527621E )7
0.15946438F 07
0.87705534E J6
D.27356158E 37
0.25514634€ 27
0.21527616E 27
0.15946438E 27
0.87705534E )6
0.23283064E-09
N.3R2213T0E 07
0.35879896E )37
N,31892827€ 37
0.26311550€ 27
0.,19135765E 27
0.10365212€E 27
N.39370555€ 27
0.38322697F% 27
0.358783%4E 0.
2.,21892833€ J7
0.26311650F 37
0.19135765¢€ 27
0.10365212¢ J7
0.
N.8A814234E 05
0.14027394E 25
-0.22040786¢ J6
-0.620895898E 26
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NU CALCULATEOD

0.71777317¢ 06
0.,64298¢93E 06
0.,39855168¢E 06
0.55040659¢ 90
0.12758916F 07
0.120110647€ Q7
0.995646948E 06
0.55811R34€ 06
0.11909721¢t 07
0.95682463E 06
0.55811780E 0O¢
0.76339231F-03
0.19085605E 07
0.16744131€ 07
ND.12757062€ 07
0.71753842€E 06
0.19934300€ 07
£.19186932€ 07
0.15T742579€ 07
0.12757068€ 07
0.,71758842F 06
D.4B873}654E-06
0.2BT05353€E 07
0279574858 07
0.25513132€ 07
0,21527621F 07
0.15946438¢ 07
0.877G5534E U4
0.,27856158t O7
0.25514684F 07
0.21527616E 07
0.15946%38¢E 07
G.37T705534E 06
G.23283064E~-09
0.38221370€ 07
0,35879896E 07
D.31892827¢ 07
0.263L1650€ O7
0.19135765€ 07
0.10365212€ 07
0.39070545E 07
0.3B322697E 07
0.35878344E 07
0.31892833E 07
0.26311650F 07
0.19135765€ 07
0.10365212E N7
0.

0.88814234E 05
0.,14027394€ 05
~0.23040785%E G6

~0.,62895898E 06

NU ENPUt




1 ray 32 AU 2 REGID RIINR NG CALCULATED NU INPUT
4 -A 1 1 -0.11870773k 27 -0.11R70773F 07 0.
" -q 7 2 ~0.i9046658E 07 ~-0.19046658E 07 0.
3 -3 7 5 ~0.,27817T211F 27 -0,27817211E 07 0.
Q -3 7 6 ~0,38182423€ 37 -0.36182423€ 07 0.
" -7 7 -7 0.16223255€ 06 0.16223255€ 06 0.
a -1 7 -6 0.87645T7G9E 35 0.87445709E 05 0.
N -1 7 -3 -3.15698955€ O -0.15693955€ 06 0.
" -7 7 -2 -3.55554067F 36 -0.55554067€ C6 .
8 -7 7 1 -0.11136590E 27 -0.11136590F 07 0.
] -7 H 2 -0.18312674F 27 -0.18312474E 07 0.
a -7 7 5 ~0.27083028E 27 ~0.27083028E 07 0.
3 -7 1 6 -0.37468260€ 07 ~0.3T44B260F 07 0.
3 -6 7 -5 0.90340248E 35 0.90260248E 05 0.
g -5 7 -4 -0.14380720F 34 -0.143307208 06 0.
8 -6 1 -1 ~D.54251403E 26 ~0.56251403E 06 0.
a -5 7 o -0.11006318E 37 -0.18006318€ 07 0.
N -5 7 3 -0.18182222E 07 -0.18182202€ 07 0.
3 -5 7 " -0,26952756E 27 -0.26952756E 07 0.
5 -6 7 7 -0.37317968E 37 -0.3731T968€ 07 0.
a -5 7 -5 0.3230«999€ 3% 0.32304999E 06 0.
8 -5 7 -4 J.BRO02564€ 05 0.88902564€ 05 . 0.
a -5 7 -1 -0.30980429¢€ 76 -0.30980429€ 06 0.
3 -5 7 0 -0.86792239E 26 -0.86792209€ 06 0.
3 -5 7 3 -0.15855195€ 27 -0.15855105€ 07 0.
q -5 7 4 -0.24725¢38E 37 -0,24625658€ 97 2.
A -5 7 7 ~0.24290871E 37 -0.34990871€ 07 0.
) -4 7 - 0.40822800E 26 0.40822800€ 06 0.
8 -4 7 -6 0.33344i15 26 0.33346116€ 06 0.
q -4 7 -3 G.892059)7E 35 G.89C05907€ 05 0.
5 -4 7 -2 -0.30954522€ 16 ~0.30954522€ 06 Do
3 -5 7 1 -0.86766357F 06 -D,86766357€ 06 0.
8 -4 7 2 -0.158525208 27 -0.15852520€ 07 0.
A -4 7 5 ~0.24623073€ 07 -0.2662307%E 07 0.
9 -4 b 6 -0.34988285C a7 ~0.349R8285€ 07 0.
8 -3 7 -7 0.8067052TE 36 0.:0670527€ 06 0.
8 -3 1 -6 0.7319.8445 06 0,73191844E G5 0.
3 -3 7 -3 0.<B8748318€ 26 0.48748318¢ 06 0.
8 -3 i -2 0.88932755E 0% 0.88937055€ 05 D¢
A -3 7 1 -0.46918629€ 36 -0,46918529E 6 0o
8 -3 7 2 -0.11867747€ 07 «0.1186774TE C7 0.
B -3 7 5 -0,20638301% 37 -0.20638301E 07 0.
* -3 7 6 -0.310CG3512€ 37 -0.31063512€ GV 0.
” -2 7 -5 0.72178700F 2% 0.72178700€ 06 0.
A -2 7 -4 0.48763955€ 06 2.48763655€ 06 0.
8 -2 7 -1 0.88232716E 25 0.8893271L6E (% 0.
a -2 7 0 -0.46918508€ 06 -0.46918508€ 06 0.
A -2 7 3 -0.11867735€ 27 -0.11867735¢ 07 0.
8 -2 7 4 -0.206382AR8E 07 -0.20638288E 07 0.
) -2 7 7 -0.31003500€ 07 -0.31003500€ 07 0.
8 -1 7 -5 0.12798983E 07 0.12798983F 07 0.
8 -1 7 -4 0.1065T509€ 37 0.10457509E 07 0,
a -1 7 -1 0.64704405E 26 0.64704405E 06 0.
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i TUR )2 Tay ? QIGID ROITIR NU CALCULATED NU INPUT
A -1 7 ¢ 0.38926251E 05 0.8A926251E 05 0.
R ~1 7 3 -0.62866217E 38 ~0,62R66217€ 06 0.
1 -1 7 o -0.15057175€ G7 -0.15057175€ 07 0.
R -1 7 7 -0,25622387F 37 ~0.25622387E 07 0.
q n 7 -7 0.13648578¢ 07 0.13648178E 07 Do
A 0 ) -6 9,12900310F 2% 0.12900310€ 07 0.
3 ) 7 -3 0.10455957F 07 0.10455957E 07 0.
4 0 1 -2 0.64704450F 06 0.64704460F 06 0.
Y n 7 1 0.38926253E 05 N.88926253€ 05 Qe
3 0 7 2 -0.628656216E 06 ~0.52866216€ 06 0.
q n ¥ S -0.15057179E 27 -0.15057175€E 07 C.
& n 7 6 ~0.25622387¢ 37 -0.25422387€ 07 0.
(] 1 7 -7 0.20824036E 27 0.20824036E 27 De
2 1 7 -6 0.20076148E 97 0.20076168E 07 0.
R 1 7 -3 0.17631815F 07 0.17631815E 07 0.
) 1 7 -z 0.13546304F 237 0.13646304E 07 0.
a t 7 H 0.80651295¢ 76 0.8086512C5€ 06 O.
8 1 7 2 0.88922623E 35 0.AB8923423F 065 0.
a ! 7 5 -0.78813171E 06 -0.788131TLE 06 0.
a 1 ? [ -0.18246529F 37 -0.1R246529€ 07 0.
g 2 7 -5 7.19974861F 07 0.19974841E 67 0.
E) ) 7 -4 C.176333CTE 27 0.176333675 07 0.
a 2 7 -1 0.13666298E )7 0.13646298E 07 0.
a ? 7 o N.R0651205E 06 0.80651205€ 06 0.
) 2 7 3 0.889236235 05 0488923623 05 0.
: ) 2 7 4 -0L.THRLILTIE 36 ~0.78813171E 06 0.
i 8 2 7 7 ~0.1826465295 27 -0.,18246529€.07 0.
; a 3 7 -5 0.287453R1E 07 0.28745381E 07 De
2 3 7 -4 7.26403906F 27 0.26403906E 07 0.
q 3 7 -i 0.22416R3R8F 37 0.22416838€ 07 0.
R A 3 7 0 0.16835660F 237 0.16835660F 37 0,
oo A 3 7 3 0.96597759E 06 0.96597759€ 06 0.
P P A 3 T 4 0.88922247€ 05 0.88922247€ 05 0.
= A 3 7 7 -0.94759895€ 26 -0.94759895€ 06 0.
1 4 Y -7 0.29594576F 07 0.29594576F 07 0.
; q 4 7 -6 0.28846707E 37 0.28846707E 07 0,
; 2 4 ¥ -3 0.26402355E 27 D.26402355¢ 0T Oe
: A 4 7 -2 0.22416843€ 07 0.22416843€ 07 O
E 8 4 7 1 D.16835660E 27 0.16835660¢ 07 0.
: n 4 1 2 0.96597159E C6 0.96597759E 06 0.
) 4 7 5 0.98922247F 35 0.88922247E N% 0.
q 4 7 6 -0.94759895E 26 -0.94759895€ 06 0.
A s 7 -7 0.39959730F 07 0.399%9780E 07 0,
) 5 7 - 0.39211911E 07 0.39211911F 07 0.
; R 5 7 -3 N.36767559€ 237 0.36767559¢ 07 0.
; A 5 ? -2 0.32732047€ 07 0.32782047E 07 0.
; ) % 7 1 0.27200864E 27 0.27200864E 07 0.
\ A s 7 2 0.20024980€ 07 0.20024980F 07 0.
; a 5 7 5 0.11254426E 237 0.11256426E O7 0.
| 8 5 7 6 0.88921434E 05 0.88921434F 05 0.
A S ? -5 0.39110585F 07 0.39110585€ 07 0.
I } , 3 6 1 -4 0.36765110E 37 0.36769110€ 07 0.
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Tau 1

BB IR D DI D N wNNNNEANTOCIDP

WWNNNNNN e O DO D
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GQ@@TQQ@Q@@@G@G@QOOO@@@OQ@@QQ@Q@NQN*QQN-‘-YQﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

2

Tau ?

RIGID ROTNR

0.32782042€ 027
0.27200864€ J7
0.20024980F 07
De112544286% I7
(.88921424E 05
0.51070446F J7
D.48T289T1E J7
0.64741903€E 27
0.39160725€ 07
0.319848541E 27
0.23214287€ 07
0.12849076E O7
0.519196%1E 37
0.51171772E 07
0.48727420E 037
0.44741939€ 037
0.39160725€ J7
0.3198648¢1F 07
0.23214287€ 07
0.12849076E 07
0.86445502E 25
0.13027188€ 05
0.31915525€ 06
0.264573693€ J6
0.23296827F )6
0.25852362€ 33
D.63164554F 06
0.39873580E 06
0.71789225€E )6
0.6444T394E J6
0.39847448E J6
0.,12108278E 01
0.12760N36E 07
0.12025853€E 07
0.95658982€ 06
0.5561125&4E 06
0.11895581¢ 07
0.95684834E 06
0.55811134E Jé
0.22901366E-)2
0.19271439€ 07
0.16T443¢1E 27
0.12756971¢ O7
0.71758580¢t 06
0.19935894€ 37
0.19201711E 07
0.16761756E J7
N.12756983€ 07
0.7T1758579€ Q6
0.21115411€E-05
0.28706433E J7
0.27972250€ 07
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0.32782042€ 017
0,27200864€ 07
0.20024980€E 07
0.11254426€E 07
0.88921434F 05
0.51070446E 07
0.48728971F 07
0,44741903€ 07
0.3916N725€ 07
0.,31984841€ 07
0.23214287€ 07
0,12849076E 07
0.51919641E 07
N.51171772E 07
0.48727420€ 07
0.44741909€ 07
0,39160725€ 07
0.31984841E 07
0.,23214287€ 07
0.12849076€ 07
0.86445502€ 05
0.13027188E 05
0.31915525€ 06
0.24573693E 06
0.,23296827€ 06
0.25852362€ 03
0.63]144554E 06
0.39873580€ 06
0.71789225€ 06
D.66647394€ 06
0.39847848E 06
0.12108278€E 01
N.12760036€ 07
0.12025853E 07
0.95659982€ 06
0.55811254€ 06
0.11895581€ 07
0.956R4834E 06
0.,55811134€ 06
0.22905366€E-02
0.19071439E 07
0.16744341E 07
0.12756971€ 07
C.T1758580E 06
0.19935894€ 07
0.19201711€ 07
0.16741756E 07
0.12756983E 07
0.T1758579€ 06
0.21115411€-05
0.28706433€ 07
0,279722%50¢ 07
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Tau 2

RIGID ROTFOR

0.25512296F J7
0,21527523¢E J7
N.15946397€ 37
0.87705396E 06
0.27841978E 07
0.25514381¢ Q7
0.21527511F Q7
0.15946397E J7
0.87705396€ 06
0.93132257€-09
0.3R2071R2E 0J7
2.35880085€ 07
0.3189271L5E 237
0.26211602E 07
0.19135743F 07
0.10365204€ 37
0.39371637¢ 07
0.38337454€ 07
0.35877500€ 07
0.31892727F 07
0.26311601E 27
0.19135743€ 07
0.10365204E 07
0.

0.51031499€E 07
0.50297316E 07
0.47837361E 27
0.43852588€E 07
0.318271463F 07
0.31095605€ 07
0.22325065€ 77
0.11959861E 27
0.50167044E 07
0.47939946E 07
0.43852576€ 27
0.3R271463F 07
0.31095405F J7
0.22325068€ J7
C.11959861€ 27
0.
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0.,25512296€ 07
0.21527523€ 07
0.15946397€ 07
0.87705396E 06
0.27841978¢ 07
0.25514981€ 07
0.21527511€ 07
0.159646397€E 07
0.87705396E 06
0.93132257€-09
¢.38207182€ 07
0.35880085€ 07
0.31892715€ 07
0.26311602€ 07
0,19135743E 07
0.10365204€ 07
0.39071637¢ 07
0.38337454E 07
0.35877500E 07
0.31892727€ 07
0.26311601€E 07
0.19135743€ 07
0.10365204E 07
0.
Ce51031499€ 07
0.50297316€ 07
0.47837361E O7
0.43852588E O7
0.38271463E 07
0.31095605€ 07
0.22325065E 07
0.11959861€ 07
0.5016T044E 07
0.47839946E 07
N.43852576€ 07
0.38271463F 07
2.31095605€ C7
0.,22325065€ 07
0.11959861€ 07
‘00
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APPENDIX B

CALCULATION OF THE TIME DEPENDENCE OF
THE EXPECTATION VALUE OF THE POLARIZATION OPERATOR

One of the best elementary methods of determining the frequencies
which will arise in a nonlinear medium as a result of an input of frequency
w i8 to compute the expected value of the polarization operator for the
perturbed state (here assumed to be the ground state), i.e.< ¢ | er|y >.
More specifically, the time dependence of this expectation value is desired.
These terms have been computed through second order (yielding second
harmonic terms) in Reference 40, but the third order terms from which
the third harmonics must be determined are not found in the literature.
The electric dipole approximation is used; this ghould be especially good
at millimeter wavelengths, since the wavelength is very much larger than
the molecular or atomic dimensgions. In order to establish the notation, the
time dependent perturbation theory of Reference 41 is briefly reviewed.

Let H = Hamiltoniau (independent of time)

‘ . S = S(t) = time dependent perturbation

Then the Schrdédinger equation is

.. - ., oY
1 (H+3)Y = i St
* G : Determine a complete orthonormal set by the eigenfunctions of the unper-

turbed operator:

Expresa the state function ¢ as a series, with time dependent coefficients,
of the $p :

- i:lrt/h
Y(x,t) = & an(t)e ' P .

l
I
i “ “
i

_gT—
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Then substituting in the Schrddinger equation, taking the scalar product,
from the left, by ¢K' and employing orthonormality, we obtain

1"'&»?:2*’@%

where

ot

i(x:‘.K-x:.'n)t/." n
e

5, = < k|sln >;

i
‘n <glslg >=e
with an obvious change of notation v, = (E_ -E )/h. When S is a function
of t, a method of successive approxikmnations is Recessary. Although Frenkel
regards the quantities S, as small of the first order, it appears by the
Picard-Lindeldf theorem that continuity of S on an interval, satisfying a
uniform Lipschitz condition, is sufficient to ensure uniform convergence.
For details of the proof (a constructive one) see Reference 42, Chap. II
and Exercise 1.1 of Chap. IV.

We let

a(t) = 2l . s V) al®e) v 2l oL

Then

d (1 . (0)
1Qa—t-ak :i.oknan

4 (@ g, .1

it a. = .
dt " j m ° 0
- T B
dt . P ip P

0 .
where a;( )is the initial value of a,(t).
Since the S, are known functions of time, we may integrate these equa-

tions, obtaining:

LTS L R
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t v
(1) i e (0) \ L+ 4
d.k = -:Edn akn(t'e dt*
Q
T t!
(2) - 1 (0) ® s ] ° " " t
a ' =- ha Zian bkm(t ) | Sm(t ) dt" dt
mn
0 0
t t! t"
o o trnsal® ts (40) Ts (em) [ 5 (m) dtm div gt
k ’3 pmn n - kp S | 4 “mn

0 o] (o]

These equations are for an arbitrary initial superposition of states. If we
know that the initial state is the gth state we may let a,(0) = bngagl0), and

we have:
t i
ail) = - % aé°) f Skn(t') dt ' | o
o
t te
(2) _ 1 (o) » r , i
5Tt ﬁ a, Snlt!) [ Sp (e der et
o 0
t t to
al(‘j) - _:_} T E 8(0) r skp(tt) r Spm(t") r smg(tm) dt"r gen dte.
P o 0 o
Since the algebra for these states becomes very unwieldy, it is not desir-

able to go beyond the third order. |

If we assume that the system ig in state g before the perturbation is
applied, the wave function is = “g exp(iu‘t). After application of the per- |
turbation the state function is: !

- (1) (2) (3) n .
Y’f(bng*‘n +a "n)ﬂne . ,

Radiation from the system will be dependent on the expectation value of
the polarization operator for the perturbed state <\p| erI y>. To calculate
this expectation value we firat need to determine the time dependent co-
efficient ax.

We assume the electric field is of the form
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im
=== sinwtzgo -e-im.
° 21
The perturbation Hamiltonian is, in the dipole approximation, S = e E -r.
The matrix elements are then '

it S -io
“n = © <#les, - x s 19, >

i(umukn)t -i(w-wkn)t
e -

= = < kleg * £ln>.

Substituting in the expression for the time dependent coefficients:

i(w +w)t i(w =-w)t
ng ng
(1) e _ e -1 e -1
a't(t) = - == <als .rle >, - —
n 2iA ) L (wn8+w) (U“ng @)
2 .
3(2)(t)=LZ<5-r> <E.r> 1 1
n 2 nm o og - W
LA m mg
i(w +2w)t i(w -w)t iw t i(e  +w)t
(T B -1 e o1 e "o e PP -7
L (u)ng + ow) (o - w) g (mnm +w)
iw t i(wn -2w)t i(w sa)t
- 1 re“s-l_e € -1 _e ne -1
g WL Yok (wng - 2w) (wm )
i(w -w)t
nm -
. e -1 . }
W - w) JJ
nm
t. ty :H
:(:') _ .2 Ira® s (trrar 5. (tr)dem 'S“(t"')dt”' where
n FER N Coen ~b
AECHERN s °
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B e T -t

) = < feg xlp >

—i— o ‘.L} < z”,b‘:')-i_.')c .
~ -t

o gy R A S

~"aR" Tl

. : ..
> < #legrlp, > <@ lex . xly >

R 4
.‘j lw
(0 eyt i(e +w)t i(w +wt
e B84 e M e &
C T2 02w 750 IR CONRTD L COMUR-T) | (TR Il OO GRS
o +w)(ujgr>z,)(wndu )] (umgu)( gt h)(unj ) (—mg"”)(‘"gg*‘?w" ng ")
0 et 1o s2e)t i(‘*'n..*"ﬁt
c % -1 . -1 ) oA
(. s ,,m)(v is 2w)(m J..w) (mmg‘,_m)(u_.jm,_w)(:u_nm+2vu) (—| RO TER .',4 (- nJ'tj
ie )t i(w ~W)t i("l )t
e nm -1 n‘) -1 ng -1
g L DL o I G DIG DI w U CHEDIEED!
(T4 jm nm nj
i(w +w)t i(m  -m)t i( -t
RS e M8 e -
R e (e ety (w, ) =) -m w, (v <w)(r -m
( ;,.;)( g Y(rna )« s ( n3 ) ng ) JS( ng nj )
i e20)t i('v )t i )t
nm nj nn
- e_ -1 . e
)] GO | CaE ) B -(’3(«: w)(w KRS CNEICE ~>( )
~3 m nm oy
Hw -—w)t :‘.("ru )t i("‘n At
. o M -1 ) e 8 -1 _ .t v -1
EEEN I CIEN G DI o, Ww «wite «w) - (2 Jw )l .0
oG s g & mg ng ig" =g uj
i(w -t i(mn =)t il m)t
e "™ 1 e ™ a4 e " 4
(v o swilw -  {w_J{a w)le ) (o s2)w -wie )
8 =g ng g’ mg nj ng i) nm
i(w ) i(w -2w)t o -at
ng ns
v -1 . e -1 _ e ~ -1
(O Y(w RIS CREDIC j&-w)\mm-zw) €] “")(“‘J -l -w)
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i(w =u)t i(w +w)t i(w =3w)t
_ e g -1 ' e uj =1 . e ng -1
(wm s-mf (w 3 8~2w) ( w s-w) Wm 2 -w)(w 3 B-Zw) (w 3 j+w5 (w 3 gnus)(w i 8-2w) ( w g-zw)

i(n -w)t iw )t i(w .+t
_ e nj -1 . @ ne - e nJ -1
Twms-:o) (w Js-am) (wn J,-w) (wmsow)( mjn-w) (wm) (wms-mf( wjm-w) ( wn jm;)

i(wu-aw)t 5.((»n j-w)t
- & -1 R e -;1
Wms-w) (w jln-m)(mmn-zw) ( wmg--w)(mjm-m)unn j-w)

The expectation of the polarization operator is then:

- Wt
Aler|t> =<(:§ (8" a1, a2, aPge T 'er|§(6m8¢ alby al2), o3

-iw_t i(w -wk)t
L n 1) 1)
pn“ >= ' i: ° [611361(3 * 6ug‘lk * % 6

5 1

kg

(2) (2)+ (L) (1) (2)* (2) (1)* (2)
+ bng‘k +a 5“ va +a +a " oA

vl e .

IR W7D, (307(3)

(3) (1)* (3) (2)* (3
* 6ng‘k v8 (T TR & ]< ¢n,°r|ﬁk >

The terms may be grouped according to frequency dependence, and accord-
ing to which of the above termd they arose from. The number of terms is
quite large and they will be written in an abbreviated form.

All terms up (o third order, {.e., with threc frequency factors in their
denomii.ators, will be lisied explicitly, categorized by their irequency de-
pendence, {.e., d.c., wt, 2ut, dut. Terme of third order and lower order
arige from the following combinations listed in the expectation of the polar-
ization operator:

——

D GND SN ONS NG OU0 Omg Guv Puy G Sum NN GO DD 4B A BB = @




Val

(1)* (1)
a a

I. f>ngokg v. n K
(1) (1) (1)* () (2)* (1)
iI. nk a 6kg V. a "l u " vata
(2) (2)° (5)‘6 5 (5
111, Omsak v a 6k8 vI. a kg * ng®k

Besides those terms containing multiples of «t, terms containing wnmt,
wgnt also are listed. Table I below lists the terms in accordance with
their time dependence. The column on the right lists the terms from which
they originate.

Terms of higher order also occur of course. These are in general small
for two rearnns, that the products of the matrix elements are generally
smaller, the _reater the number of factors, and the denominators are large,
because of the greater number of factor. It is obvious that exceptions may
occur because of resonance, i.e., a factor in the denominator approaching
zero, or because of unusually large matrix elements. Such occuirences
are sufficiently unusual 8o as to be unlikely and undependable. In iliustra-
tion cf the types of denominators which occur we list

1 1 ’
N " " I m o a - - 1 (] - i
‘LhS(JkS + 2m)(;mg+ ) (Wn- E)(wkmw)(wmg Ll)(k"s*ﬂ 2
1 1 >
ENEN-DICHEED] ORI CREED) [(CIEED (T m?('ﬂﬂg--ﬂ

in the case of the term containing resonance factors, that is

l >
(2 - W - i) - -
e w)(wkm w; (mmg w)

the possibility of efficient operation ariges if equally spaced energy leveis

can bc found in a suitable material. Exactly equal spacing is unlikely, snd
even approximately equal spacing is not easy to find, as shown in the pre-
vious discussion in this repor! on asymmetric top anergy levels. The ef-
fects of line brcadening mechanisms have not been included here, but since
they would allow approximate satisfaction of the resonance criteria, they
mu#t be taken into account in any design of nonlinear multiple quantum
generators. They may be taken into account approximately by replacing
the resonance denominators by factors containing reciprocal relaxation
time terms.
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: %< ‘Jo ST £>mg <n|er,k >1 (w + lﬁ)l(w + W)
n,m 4* 8 'ng mg
1 )
) Iv
* - )W - J
( ')(vmg )
e2 -1
L=< r';o T E >nm <2‘o * L >mg < nlerlg >1 r + uxf(n 7 " Tw - '.))(U» ) J II1
n,m 2* mg
< gler|g > . I
wt
r. 1 11
T8« x> <n|er|g>‘smwt< + >
o * o = '"ng ( W W ung w

-Z——;F‘Za <¢'en.
n 4a

1

° {'ﬂg > < ¢j,e§o . £,¢m > < ¢n|e§0 . -r:,ﬂj > < n,er,g >

1

]
vcos (W)t [
\ (mm g+w)(wjg+ Lﬂ(wng w) Y (w

1 1

)(w - w)(wng+ w)

1

(wjgf(wmg- w)(wns- w) (sz

- 1 )
(rnmg- w)(wjg- am(mn g W)

20

)(wmg+ w)(wng+ w)

- (wjg) ( wmg+w) C W )

VI

 cmatd Comein §
» . v

o
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5 r
b —e—5<:.o-r>n<z:°-r>km<ﬁonr>m<n|er",c>1sinwt
hln'l\8h 8 8
r 1 1

L(wng+ )&+ zw)(wmg+m * (wng+ “’)(“’kg)“”m e w)

1
Tl wmﬂkg‘;(wmg- w) * [N -T\wkg)(w ) g (O w)(wk D)

*Tw_= o) : 20) (W w)]} v
ng” kg™ < mg”

aut

2 - 1]
s £ ¢E +r> <E »r> <unplerlk> {- cos(zw)t
,m b#° ° ng o ng { (wns- wﬁmmg" w)
cos{2w)t } o
(w & w)(w -w)
2
T Lo<E opr> <E +r> <nlerlg> ,cos(aw)‘t
n,m 2h2 nm o - mg i (u. + w (u + 2w)
coel2w)t ) -

+ T = -
(”mg m)(wng: 2w)]

Sut

-z—-zza <¢leE -rlﬂ ><¢ieE - zlg ><¢leE - rlg. >

n 4#3 J
cos( 5w)t coo(3W)t
<afer|g > { (wms- w)(wj DI —W [N 2 w)(w ot EDI e ) } VI
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LA el e Y 2N M

p)
Y Em iy or> 5 oer> <o or> <nulerlk> - sin jut
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